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ity, can be used to provide an optical resin material using the
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OPTICAL RESIN COMPOSITION, OPTICAL
RESIN MATERIAL USING THE SAME,
OPTICAL FILTER FOR IMAGE DISPLAY
DEVICE, AND IMAGE DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a divisional application of U.S. Appli-
cation Ser. No. 12/438,448, filed Feb. 23, 2009, the contents
of which are incorporated herein by reference which is a
National Stage application filed under 35 USC 371, of Inter-
national (PCT) Application No. PCT/JP2007/071248, filed
Oct. 31, 2007.

TECHNICAL FIELD

The present invention relates to an optical resin composi-
tion and an optical resin material, which are useful in inhib-
iting breakage of an image display panel or in absorbing stress
and impact and are excellent in transparency.

The present invention also relates to an optical filter for
image display device and an image display device, which
have an optical resin composition or an optical resin material
which is useful in inhibiting breakage of an image display
device or in absorbing stress and impact and is excellent in
transparency.

BACKGROUND ART

A representative image display panel is exemplified by
liquid crystal display (LCD). The liquid crystal display is a
thin and easily damaged display component consisting of
transparent electrodes, a liquid crystal cell having a liquid
crystal charged and sealed via a gap of few microns between
glass substrates of about 1 mm in thickness with a pixel
pattern etc. formed thereon, and an optical film or the like (for
example, a polarization plate) stuck to both external sides of
the cell. Particularly for use in cell phones, game machines,
digital cameras, and in-car products, therefore, a liquid crys-
tal display having a structure wherein a transparent front plate
(protective panel) is arranged with a predetermined space in
front of the liquid crystal display is generally used.

Large liquid crystal displays prevailing at present are those
wherein the surface of a front polarization plate for liquid
crystal panel has been subjected to antiglare (AG) treatment
for reflection reduction. In the case of this structure, no mea-
sure is taken for impact absorption, and impact resistance is
given by a structure of the whole of a panel and a set. The
problem of this structure is that an image seems blurred by AG
treatment, the panel is warped upon touching the surface, to
disorder an image, stains are hardly removed due to AG
treatment, and upon strong rubbing, flaws are easily caused,
and also that as the size of a panel will be increasing in future,
the impact resistance of the panel would be reduced to be
problematic in impact resistance.

Accordingly, it is conceivable that a front plate subjected to
antireflection (AR) treatment is placed in front of a liquid
crystal panel, to overcome disadvantages originating from
AG treatment. In this case, however, a reduction in transmit-
tance and a deterioration in image quality due to ghost image
would be caused when air exists the space between the front
plate and the liquid crystal panel, so filling the space with a
resin etc. has been proposed (Patent Documents 1, 2,3 and 4).

It is determined under UL standards, the Radio Wave Con-
trol Act, etc. that a cathode ray tube (CRT) made of glass,
when used in an image display device (display) (including a
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television), be free of scattering or not liable to penetration in
an impact resistance test with a dropping steel ball.

Accordingly, to implement this standard, the glass of CRT
should be designed to be thick, which results in an increase in
the weight of CRT. As a means of conferring antiscattering
property without increasing the thickness of the glass, a
method of laminating a self-restoring, synthetic resin protec-
tive film on the glass has been proposed (see Patent Docu-
ments 5 and 6). This proposal is characterized by antiscatter-
ing property, but does not meet prevention of glass breakage.

On the other hand, PDP that is one kind of flat panel display
(FPD) is provided via an about 1 to 5 mm space with a front
plate (e.g., glass) of about 3 mm in thickness in front (view-
able side) of PDP in order to prevent breakage. Accordingly,
the area of the front plate increases with an increasing size of
PDP, thus increasing the weight of PDP.

Accordingly, it has been proposed for prevention of break-
age of an image display device (display) that a specific resin
is laminated on the surface of the display, or an optical filter
having a specific resin laminated thereon is laminated on the
surface of the display (see Patent Documents 7, 8 and 9).
Patent Document 1: Japanese Patent Application Laid-Open

(JP-A) No. 05-011239
Patent Document 2: Japanese Patent Application Laid-Open

(JP-A) No. 03-204616
Patent Document 3: Japanese Patent Application Laid-Open

(JP-A) No. 06-59253
Patent Document 4: Japanese Patent Application Laid-Open

(JP-A) No. 2004-125868
Patent Document 5: Japanese Patent Application Laid-Open

(JP-A) No. 06-333515
Patent Document 6: Japanese Patent Application Laid-Open

(JP-A) No. 06-333517
Patent Document 7: Japanese Patent Application Laid-Open

(JP-A) No. 2004-58376
Patent Document 8: Japanese Patent Application Laid-Open

(JP-A) No. 2005-107199
Patent Document 9: Japanese Patent Application Laid-Open

(JP-A) No. 2004-263084

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

However, oil used in Patent Document 1 is hardly sealed
for preventing leakage and may affect materials used in a
liquid crystal panel, and when a front plate is cracked, there
arises a problem of oil leakage. Unsaturated polyester in
Patent Document 2 is easily yellowed and its application to
the display is not desirable. Silicone in Patent Document 3 is
poor in adhesiveness and thus requires an additional pressure-
sensitive adhesive for fixation, to make the process compli-
cated, and does not have strong adhesiveness to the pressure-
sensitive adhesive and is thus released upon application of an
impact, to cause a problem of inclusion of bubbles. A polymer
of acrylic monomers in Patent Document 4, although not
requiring an additional pressure-sensitive adhesive when
used in small instruments, is still poor in adhesiveness and
requires an additional pressure-sensitive adhesive when used
in supporting a front plate of a large display, thus making the
process complicated. The starting material is composed
exclusively of monomers and thus has low viscosity and high
curing shrinkage, to cause a problem of difficult formation of
a large area uniform film.

In Patent Documents 7 and 8, there is no particular consid-
eration given to a composition of resin materials used, and a
means for exhibiting adhesiveness or transparency is ambigu-
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ous. Particularly in Patent Document 7, there is no consider-
ation given to humidity resistance reliability of resin, and
when resin materials in a composition specifically shown in
the Examples are used, the resin after application to a display
becomes clouded in a humidity resistance test in a short time.
In Patent Document 8, acrylic acid is used as a part of resin
specifically shown in the Examples, and the resin becomes
clouded in a humidity resistance test in a long time and causes
a problem of corroding a metal with which the resin is con-
tacted in the humidity resistance test. Examination in Patent
Documents 7 and 8 is considered insufficient from the view-
point of attaining more excellent impact absorption. In Patent
Document 8, the thickness of an impact-resistant layer using
resin is defined in the range 0f 0.2 to 1 mm, which is however
not a disclosure from the viewpoint of improving impact
absorption by increasing the thickness. In Patent Document 9,
there is consideration given to resistance to humidity and
heat, but given a resin starting material composition described
in this patent document, it is not possible to expect significant
improvement in impact resistance. The thickness of a resin
layer in the Examples is 1 mm, and from the viewpoint of
attaining more excellent impact absorption, examination is
considered insufficient. When a resin relatively soft after
curing, as described in the Examples in Patent Document 9, is
used thickly, it is considered that the surface hardness of the
resulting front filter is reduced to cause a problem in abrasion
resistance.

Accordingly, a first object of the present invention is to
provide an optical resin composition being transparent, hav-
ing suitable adhesion and necessary impact absorption for
protection of an image display device etc., and not affecting
constituent materials of a image display panel etc., and an
optical resin material using the same.

A second object of the present invention is to provide an
optical resin composition excellent in reliability in moisture
resistance, and an optical resin material using the same.

A third object of the present invention is to provide an
optical filter for an image display device having an optical
resin composition being transparent, having suitable adhe-
sion and necessary impact absorption for protection of an
image display device, not affecting constituent materials of a
image display panel, and being excellent in reliability in
moisture resistance, and an optical resin material using the
same.

A fourth object of the present invention is to provide an
image display device having impact resistance and attaining a
vivid image of high contrast without ghost image.

Means for Solving the Problems

The means for solving the problems is as follows.

(1) An optical resin composition containing (A) a first
acrylate derivative that is a compound having one polymer-
izable unsaturated bond in its molecule, (B) a second acrylate
derivative that is a compound having two or more polymer-
izable unsaturated bonds in its molecule, and (C) an acrylate
derivative polymer.

(2) The optical resin composition according to the above-
mentioned (1), wherein (B) the second acrylate derivative is a
high-molecular-weight crosslinking agent.

(3) The optical resin composition according to the above-
mentioned (1) or (2), wherein the compounding amounts of
the respective components based on 100 parts by weight of
(A) the first acrylate derivative, (B) the second acrylate
derivative and (C) the acrylate derivative polymer in total are
(A) 14 10 89.49 parts by weight, (B) 0.1 to 50 parts by weight,
and (C) 10 to 80 parts by weight.
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(4) The optical resin composition according to the above-
mentioned (1), wherein:

(A) the first acrylate derivative consists of a mixture of an
alkyl acrylate having an alkyl group containing 4 to 18 car-
bons (referred to hereinafter as AA monomer) and a
hydroxyl-containing acrylate represented by the following
general formula (I) (referred to hereinafter as HA monomer):

CH,—CHCOO(C,,H,,,0),H General Formula (I)

wherein m is 2, 3 or 4, and n is an integer of 1 to 10,

(C)the acrylate derivative polymer is a copolymer obtained
by polymerizing AA monomer with HA monomer, and

the HA monomer is incorporated such that the proportion
(M % by mass) of HA monomer in (A) the first acrylate
derivative and the proportion (P % by mass) of HA monomer
in (C) the acrylate derivative polymer satisfy the following
relationship:

-8=(P-M)=<8 Formula (I)

(5) The optical resin composition according to the above-
mentioned (4), wherein (A) the first acrylate derivative is a
mixture produced by mixing AA monomer at a proportion of
50 to 87% by weight with HA monomer at 13 to 50% by
weight, and (C) the acrylate derivative polymer is a copoly-
mer produced by polymerizing AA monomer at a proportion
of 50 to 87% by weight with HA monomer at 13 to 50% by
weight.

(6) The optical resin composition according to the above-
mentioned (4) or (5), wherein the compounding amounts of
the respective components based on 100 parts by weight of
(A) the first acrylate derivative, (B) the second acrylate
derivative and (C) the acrylate derivative polymer in total are
(A) 36 to 84.49 parts by weight, (B) 0.5 to 50 parts by weight
and (C) 15 to 60 parts by weight.

(7) The optical resin composition according to any of the
above-mentioned (1), (2), (4) or (5) which further contains
(D) a polymerization initiator.

(8) The optical resin composition according to the above-
mentioned (7), wherein the compounding amount of (D) the
polymerization initiator based on 100 parts by weight of (A)
the first acrylate derivative, (B) the second acrylate derivative,
(C) the acrylate derivative polymer and (D) the polymeriza-
tion initiator in total is 0.01 to 5 parts by weight.

(9) The optical resin composition according to the above-
mentioned (7), wherein (D1) a photopolymerization initiator
is contained as (D) the polymerization initiator.

(10) The optical resin composition according to the above-
mentioned (9), wherein the compounding amount of (D1) the
photopolymerization initiator based on 100 parts by weight of
(A) the first acrylate derivative, (B) the second acrylate
derivative, (C) the acrylate derivative polymer and (D1) the
photopolymerization initiator in total is 0.1 to 5 parts by
weight.

(11) The optical resin composition according to the above-
mentioned (9), wherein (D1) the photopolymerization initia-
tor is at least one member selected from the group consisting
of'an a-hydroxyalkyl phenone compound, an acylphosphine
oxide compound, oligo(2-hydroxy-2-methyl-1-(4-(1-meth-
ylvinyl)phenyl)propanone, and a mixture of oxy-phenyl-ace-
tic acid 2-[2-oxo0-2-phenyl-acetoxy-ethoxy]-ethyl ester and
oxy-phenyl-acetic acid 2-[2-hydroxy-ethoxy]-ethyl ester.

(12) The optical resin composition according to any of the
above-mentioned (4) or (5), wherein the AA monomer is
2-ethylhexyl acrylate, isooctyl acrylate and/or n-octyl acry-
late, and the HA monomer is at least one member selected
from the group consisting of 2-hydroxyethyl acrylate, 1-hy-
droxyethyl acrylate, 2-hydroxypropyl acrylate, 3-hydrox-
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ypropyl acrylate, 1-hydroxypropyl acrylate, 4-hydroxybutyl
acrylate, 3-hydroxybutyl acrylate, 2-hydroxybutyl acrylate,
and 1-hydroxybutyl acrylate.

(13) The optical resin composition according to any of the
above-mentioned (1), (2), (4) or (5), wherein the weight-
average molecular weight of (C) the acrylate derivative poly-
mer is 100,000 to 700,000.

(14) The optical resin composition according to any of the
above-mentioned (9), wherein the compounding amounts of
the respective components based on 100 parts by weight of
(A) the first acrylate derivative, (B) the second acrylate
derivative, (C) the acrylate derivative polymer and the (D1)
photopolymerization initiator in total are (A) 15 to 40 parts by
weight, (B) 5 to 40 parts by weight, (C) 39 to 59 parts by
weight and (D1) 0.5 to 2.0 parts by weight.

(15) The optical resin composition according to any of the
above-mentioned (2), wherein the high-molecular-weight
crosslinking agent includes a alkylene glycol containing 1 to
4 carbons as a part of its starting material and has a weight-
average molecular weight of 4,000 to 20,000.

(16) An optical resin material produced by curing reaction
of the optical resin composition according to any of the
above-mentioned (1), (2), (4) or (5).

(17) The optical resin material according to the above-
mentioned (16), which is sheet-shaped or film-shaped.

(18) An optical filter for image display device, which has a
layer consisting of an optical resin material produced by
curing the optical resin composition according to any of the
above-mentioned (1) (2), (4) or (5).

(19) An image display device having, in a viewable side, a
layer consisting of an optical resin material produced by
curing the optical resin composition according to any of the
above-mentioned (1) (2), (4) or (5).

(20) An image display device having a layer consisting of
an optical resin material produced by curing the optical resin
composition according to any of the above-mentioned (1) (2),
(4) or (5), between an image display panel and a front panel or
a transparent protective substrate.

Effect of the Invention

The optical resin composition of the present invention after
curing reaction has excellent impact absorption and is excel-
lent in transparency.

The optical resin composition of the present invention,
because of a similar composition between polymers and
monomers therein, can increase the solubility of the poly-
mers, can prepare a transparent resin composition or cured
product even when a high-molecular-weight polymer is used,
and is excellent in reliability in humidity resistance. The
optical resin composition has been diluted with monomers
and can thus be formed in the absence of a solvent to prepare
a bubble-free thick film or sheet.

The optical resin composition of the present invention con-
tains a high-molecular-weight polymer at a relatively high
concentration, and is thus excellent in impact absorption even
when formed into a film of thin thickness. Accordingly, the
resulting film has hardness to enable prevention abrasion
resistance from decreasing. Due to this hardness, the film is
hardly plastically deformed and can exhibit more excellent
impact absorption with thicker film thickness. The film has
strong cohesion and flexibility and is thus free of cracking and
lining upon bending or winding on a roll.

By using a high-molecular-weight crosslinking agent, the
composition can prevent adhesion from varying due to an
error in compounding, so a film or sheet excellent in charac-
teristic stability can be manufactured. The optical resin com-
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position of the present invention does not affect materials
generally used in image display devices such as liquid crystal
display and PDP.

The optical resin material of the present invention can be
obtained by curing reaction of the optical resin composition
of'the present invention, and can be easily shaped into a sheet.
This optical resin material has been endowed with adhesive-
ness and can thus be stuck to a substrate such as glass and the
like without using a pressure-sensitive adhesive or an adhe-
sive.

An optical filter for an image display device and an image
display device, such as liquid crystal display provided with a
transparent resin layer obtained by using the optical resin
composition or the optical resin material succeed to the work-
ing effect of the optical resin composition and the optical
resin material.

The optical resin composition and the optical resin material
of the present invention are used suitably as those forming a
transparent resin layer in front of an image display panel.

According to the present invention, there can be provided
an optical filter for an image display device, which is trans-
parent, has impact absorption, and is excellent in reliability in
humidity resistance.

According to the present invention, there can also be pro-
vided an image display device which has impact resistance
and gives a vivid image of high contrast without ghost image.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross-sectional view showing a liquid
crystal display using the optical resin material of the present
invention;

FIG. 2 is a schematic cross-sectional view showing another
example of a liquid crystal display using the optical resin
material of the present invention;

FIG. 3 is a schematic cross-sectional view showing another
example of a liquid crystal display using the optical resin
material of the present invention;

FIG. 4 is a schematic cross-sectional view showing another
example of a liquid crystal display using the optical resin
material of the present invention;

FIG. 5 is a schematic cross-sectional view showing a con-
ventional liquid crystal display; and

FIG. 6 is a schematic cross-sectional view showing another
example of the conventional liquid crystal display.

DESCRIPTION OF NUMERALS

1 Liquid crystal display cell

2 Polarization plate

3 Gap (air layer)

3' Optical resin material

4 Backlight system

5 Transparent protective substrate

BEST MODE FOR CARRYING OUT THE
INVENTION

Hereinafter, the optical resin composition, the optical resin
material, the optical filter and the image display device
according to the present invention are described.

Inthis specification, “acrylic acid” as in acrylate derivative
shall include “methacrylic acid”.
<Optical Resin Composition>

The optical resin composition of the present invention is an
optical resin composition containing (A) a first acrylate
derivative that is a compound having one polymerizable
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unsaturated bond in its molecule, (B) a second acrylate
derivative that is a compound having two or more polymer-
izable unsaturated bonds in its molecule, and (C) an acrylate
derivative polymer. Hereinafter, the components contained in
the optical resin composition of the present invention are
described respectively.

[(A) First Acrylate Derivative]

In the present invention, (A) the first acrylate derivative
includes an acrylate or methacrylate having one polymeriz-
able unsaturated bond in its molecule, and derivative thereof
etc. Specific examples of the compound having one polymer-
izable unsaturated bond in its molecule include alkyl meth-
acrylates such as methyl methacrylate, n-butyl methacrylate,
i-butyl methacrylate, 2-ethylhexyl methacrylate, isonoyl
methacrylate, n-octyl methacrylate, lauryl methacrylate, and
stearyl methacrylate, alkyl acrylates such as methyl acrylate,
n-butyl acrylate, i-butyl acrylate, 2-ethylhexyl acrylate,
isonoyl acrylate, and n-octyl acrylate, aralkyl methacrylates
such as benzyl methacrylate, aralkyl acrylates such as benzyl
acrylate, alkoxyalkyl methacrylates such as butoxyethyl
methacrylate, alkoxyalkyl acrylates such as butoxyethyl
acrylate, aminoalkyl methacrylates such as N,N-dimethy-
laminoethyl methacrylate, aminoalkyl acrylates such as N,N-
dimethylaminoethyl acrylate, polyalkylene glycol alkyl ether
acrylate such as diethylene glycol ethyl ether methacrylate,
triethylene glycol butyl ether methacrylate, and dipropylene
glycol methyl ether methacrylate, polyalkylene glycol alkyl
ether methacrylates such as diethylene glycol ethyl ether
acrylate, triethylene glycol butyl ether acrylate, and dipropy-
lene glycol methyl ether acrylate, polyalkylene glycol aryl
ether methacrylates such as hexaethylene glycol phenyl ether
methacrylate, polyalkylene glycol aryl ether acrylates such as
hexaethylene glycol phenyl ether acrylate, alicyclic group-
containing methacrylates or acrylates such as cyclohexyl
methacrylate, cyclohexyl acrylate, dicyclopetanyl methacry-
late, dicyclopentanyl acrylate, isobornyl methacrylate, meth-
oxylated cyclodecatriene methacrylate, isobornyl acrylate,
and methoxylated cyclodecatriene acrylate, fluorinated alkyl
methacrylates such as heptadecaflorodecyl methacrylate, flu-
orinated alkyl acrylates such as heptadecaflorodecyl acrylate,
hydroxyl-containing methacrylates or acrylates such as 2-hy-
droxyethylmethacrylate, 3-hydroxypropyl methacrylate,
4-hydroxybutyl methacrylate, 2-hydroxyethyl acrylate, 3-hy-
droxypropyl acrylate, 4-hydroxybutyl acrylate, glycerol

[Chemical Formula 1]

I | i
CH—ﬁ—(—o—R-)m—o~©—T—©—o—(-R—o-)n—ﬁ—CH
0 CH, 0
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methacrylate, and glycerol acrylate, carboxyl-containing
methacrylate or acrylate such as acrylate and methacrylate,
glycidyl-containing methacrylates or acrylates such as gly-
cidyl methacrylate and glycidyl acrylate, and acrylamide.

These compounds having one polymerizable unsaturated
bond in its molecule may be used alone or as a mixture of two
or more thereof.

[(B) Second Acrylate Derivative]
In the present invention, (B) the second acrylate derivative

includes an acrylate or methacrylate having two or more
polymerizable unsaturated bonds in its molecule, or deriva-
tives thereof, and is particularly preferably a compound hav-
ing two or more acryloyl groups in its molecule. The second
acrylate derivatives, when classified depending on molecular
weight, include (1) those having low-molecular weight of less
than 1000, (2) those having middle-molecular weight of 1000
to 4000, and (3) those having high-molecular weight of 4000
or more, which will be described respectively.

Among (1) the second acrylate derivatives, those having
low-molecular weight include acrylate monomers such as
bisphenol A diacrylate, 1,4-butanediol diacrylate, 1,6-hex-
anediol diacrylate, 1,9-nonanediol diacrylate, 1,3-butylene
glycol diacrylate, diethylene glycol diacrylate, tripropylene
glycol diacrylate, glycerol diacrylate, neopentyl glycol dia-
crylate, polyethylene glycol diacrylate, polypropylene glycol
diacrylate, polybutylene glycol diacrylate, trimethylol pro-
pane triacrylate, pentaerythritol triacrylate, tris(acryloxyeth-
yl)isocyanurate, pentaerythritol tetraacrylate, dipentaerythri-
tol dipentaerythritol
dipentaerythritol pentaacrylate, and acryl oligomers such as

tetraacrylate, hexaacrylate, and
epoxy acrylate, polyester acrylate, urethane acrylate and
acryl acrylate, among which diacrylates such as 1,6-hex-
anediol diacrylate, 1,9-nonanediol diacrylate, tripropylene
glycol diacrylate, polyethylene glycol diacrylate, and
polypropylene glycol diacrylate are preferable. From the
above-described compounds having two or more polymeriz-
able unsaturated bonds in its molecule, those having two or
more acryloyl groups in its molecule can also be suitably
selected and used.

Among (2) the second acrylate derivatives, those having
middle-molecular weight include:

diacrylate compounds of an alkylene oxide adduct of
bisphenol A (or those compounds having their acryloyl
groups replaced by methacryloyl groups) represented by the
following general formula (a):

(@)

CH; CH,
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wherein R represents an ethylene group or a propylene group,
and m and n independently represents an integer of 1 to 20,

esterified compounds to which an epichlorohydrin modi-
fied product of bisphenol A, and acrylic acid, were added (or
those compounds having their acryloyl groups replaced by
methacryloyl groups) represented by the following general
formula (b):

[Chemical Formula 2]

CH,
QH on CH;
é—eOCHzéHCHzﬁm—O—@—é—@—
! b

wherein m and n independently represent an integer of 1 to 10,

diacrylate compounds of an alkylene oxide adduct of phos-
phoric acid (or those compounds having their acryloyl groups
replaced by methacryloyl groups) represented by the follow-
ing general formula (c):

[Chemical Formula 3]
©
I
CH2=CH—ﬁ+O—Rﬁm—O—Il’—O—eR—Oﬁn—ﬁ—CH=CH2

OH

wherein R represents an ethylene group or a propylene group,
and m and n independently represents an integer of 1 to 20,

esterified compounds to which an epichlorohydrin modi-
fied product of phthalic acid, and acrylic acid, were added (or
those compounds having their acryloyl groups replaced by
methacryloyl groups) represented by the general formula (d):

[Chemical Formula 4]
(d)
OH

| Il
C—O0—¢CH,—CH—CH,—035~C—CH=CI,

C—O—(—CHZ—TH—CHZ—O-)n—ﬁ—CH=CH2

|
(6]
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wherein m and n independently represent an integer of 1 to 10,

esterified compounds (having two acryl groups in one mol-
ecule) to which an epichlorohydrin modified product of 1,6-
hexanediol, and acrylic acid, were added (or those com-
pounds having their acryloyl groups replaced by
methacryloyl groups) represented by the following general
formula (e):

(b)
CH,

(|)H CH
O—&CHZCHCHZOﬁn—ﬁ
0

[Chemical Formula 5]

(e)

CH, oH oH CH,

Il I I Il
CH—ﬁ—(—OCHZCHCHZ-),”—O—(—CHZ-)G—O—(—CHZCHCHZO-)n—ﬁ—CH
0 0

wherein m and n independently represent an integer of 1 to 20,

triacrylate compounds of an alkylene oxide adduct of phos-
phoric acid (or those compounds having their acryloyl groups
replaced by methacryloyl groups) represented by the follow-
ing general formula (f):

[Chemical Formula 6]

O=P—<O—(—R—O-)m—ﬁ—CH=CH2>
0 3

wherein R represents an ethylene group or a propylene group,
and three m’s independently represent an integer of 1 to 20,
and

triacrylate compounds of an alkylene oxide adduct of tri-
methylol propane (or those compounds having their acryloyl
groups replaced by methacryloyl groups) represented by the
following general formula (g):

[Chemical Formula 7]
®
CH,—O0—¢R—037—C(=0)—CH=CH,
CH3CHC—CH;—O0—R—0 57— C(=0)—CH=CH,

CH;—0—f R —0——C(==0)— CH=CH,

wherein R represents an ethylene group or a propylene group,
and m, m' and m" independently represent an integer of 1 to
20. These monomers can be used alone or as a combination of
two or more thereof.

Among (3) the second acrylate derivatives, those having
high-molecular weight include a high-molecular-weight
compound having two or more reactive unsaturated bonds
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(referred to in this specification as “high-molecular-weight
crosslinking agent”) and are preferably those having a
weight-average molecular weight of 4,000 to 20,000, still
more preferably 8,000 to 16,000. When the molecular weight
of the high-molecular-weight crosslinking agent is less than
4,000, a cured product is made easily brittle, while when the
molecular weight is higher than 20,000, the viscosity of the
composition becomes too high, thus making formation of a
sheet difficult. From the viewpoint of compatibility, the high-
molecular-weight crosslinking agent is preferably one using
alkylene glycol containing 1 to 4 carbons as a part of its
starting material.

The high-molecular-weight crosslinking agent includes:

(a) Dialcohol compound di(meth)acrylates which are
obtained for example by reacting acrylic acid or methacrylic
acid with a polyalkylene glycol such as polyethylene glycol,
polypropylene glycol and polybutylene glycol.

(b) Epoxy resin di(meth)acrylates which are obtained for
example by reacting acrylic acid or methacrylic acid with an
epoxy resin having two epoxy groups in its molecule, such as
diglycidyl ether of polyalkylene glycol such as polyethylene
glycol, polypropylene glycol and polybutylene glycol.

(c) Di(meth)acrylates of polyesters having hydroxy groups
at both terminals, which are produced specifically by reacting
polyester polyols with saturated acid and polyhydric alcohol.
The saturated acid includes aliphatic dicarboxylic acids such
as azelaic acid, adipic acid and sebacic acid, and the polyhy-
dric alcohol includes such as ethylene glycol, propylene gly-
col, diethylene glycol, dipropylene glycol, butylene glycol,
polyethylene glycol and polypropylene glycol. The di(meth)
acrylates of polyesters can be obtained by reacting such poly-
ester polyols with acrylic acid or methacrylic acid.

(d) Polyurethane di(meth)acrylates; specifically polyure-
thane is obtained by reacting a polyhydric alcohol compound
with a polyhydric isocyanate compound. The polyhydric
alcohol includes such as propylene glycol, tetramethylene
glycol, 1,4-butane diol, 1,5-pentane diol, 1,6-hexane diol,
neopentyl glycol, 1,4-cyclohexane dimethanol, 2-methyl-1,
8-octane diol, 1,9-nonane diol, 3-methyl-1,5-pentane diol,
poly-1,2-butylene glycol, polypropylene glycol, polytetram-
ethylene glycol, an ethylene glycol-propylene glycol/block
copolymer, an ethylene glycol-tetramethylene glycol copoly-
mer, methyl pentane diol-modified polytetramethylene gly-
col, propylene glycol-modified polytetramethylene glycol, a
propylene oxide adduct of bisphenol A, a propylene oxide
adduct of hydrogenated bisphenol A, a propylene oxide
adduct of bisphenol F, and a propylene oxide adduct of hydro-
genated bisphenol F. The polyhydric isocyanate compound
includes diisocyanates such as tolylene diisocyanate,
xylylene diisocyanate, diphenyl methane diisocyanate, hex-
amethylene diisocyanate, trimethyl hexamethylene diisocy-
anate, tetramethyl xylylene diisocyanate, isophorone diiso-
cyanate, hydrogenated tolylene diisocyanate, hydrogenated
xylylene diisocyanate, hydrogenated diphenyl methane
diisocyanate and norbornene diisocyanate, and polymers of
the above diisocyanates or urea-modified or burette-modified
diisocyanates. These polyhydric alcohols and polyhydric iso-
cyanates may be used alone or as a combination of two or
more thereof.

The polyurethane di(meth)acrylate can be obtained by
reacting acrylic acid or methacrylic acid with such polyure-
thane that is a compound having a hydroxyl group at a termi-
nal obtained by reacting with an excess of polyhydric alcohol.

(e) Compounds obtained by reacting polyurethane with a
compound having a hydroxyl group and a reactive double
bond; specifically the polyhydric alcohol and the polyhydric
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isocyanate compound as the polyurethane starting materials
are the same as described above.

Such polyurethane that is a compound having an isocyan-
ate group at a terminal obtained by reacting with an excess of
polyhydric isocyanate can be reacted with a compound hav-
ing a hydroxyl group and a reactive double bond, to form
reactive double bond-terminated polyurethane.

The compound having a hydroxyl group and a reactive
double bond include acrylate derivatives such as 2-hydroxy-
ethyl acrylate, 2-hydroxypropyl acrylate, 3-hydroxypropyl
acrylate, 4-hydroxybutyl acrylate, polyethylene glycol
monoacrylate, polypropylene glycol monoacrylate, ethylene
glycol-propylene glycol/block copolymer monoacrylate, eth-
ylene glycol-tetramethylene glycol copolymer monoacrylate,
caprolactone-modified monoacrylate (trade name: Plaqucell
FA series, manufactured by DAICEL. CHEMICAL INDUS-
TRIES, LTD.) and pentaerythritol triacrylate, and methacry-
late derivatives such as 2-hydroxyethyl methacrylate, 2-hy-
droxypropyl methacrylate, 3-hydroxypropyl methacrylate,
4-hydroxybutyl  methacrylate, polyethylene  glycol
monomethacrylate, polypropylene glycol monomethacry-
late, ethylene glycol-propylene glycol/block copolymer
monomethacrylate, ethylene glycol-tetramethylene glycol
copolymer monomethacrylate, caprolactone-modified
monomethacrylate (trade name: Plaqucell FM series, manu-
factured by DAICEL CHEMICAL INDUSTRIES, LTD.) and
pentaerythritol trimethacrylate. These compounds are used
alone or as a mixture of two or more thereof.

From the toughness of a cured product, the high-molecu-
lar-weight crosslinking agent is preferably polyurethane
di(meth)acrylate and reactive double bond-terminated poly-
urethane (particularly one having reactive double bonds
based on acryloyl groups). Among them, the high-molecular-
weight crosslinking agent is used preferably polyurethane
whose diol component consists of polypropylene glycol or
polytetramethylene glycol, more preferably one whose diol
component is polypropylene glycol or polytetramethylene
glycol and whose diisocyanate component is isophorone
diisocyanate.

When (C) the acrylate derivative polymer described later is
poor in compatibility with the high-molecular-weight
crosslinking agent, the cured product becomes clouded if the
amount of the high-molecular-weight crosslinking agent is
increased. By using an alkylene glycol in the starting material
of'the high-molecular-weight crosslinking agent, the compat-
ibility with the polymer can be improved and the transparency
can be maintained regardless of the amount of the high-
molecular-weight crosslinking agent. By using the high-mo-
lecular-weight crosslinking agent, the cured product can be
prevented from becoming brittle or lowering adhesion to a
considerable degree even if the high-molecular-weight
crosslinking agent is used in a relatively large amount.
Accordingly, the amount of the crosslinking agent used can
be increased, and characteristics of the cured product can be
prevented from changing due to an error in compounding.

The method of synthesizing the high-molecular-weight
crosslinking agent may be any of known polymerization
methods such as bulk polymerization, solution polymeriza-
tion, suspension polymerization and emulsion polymeriza-
tion can be used. These methods can also be applied to syn-
thesis of (C) the acrylate derivative polymer described later.

The high-molecular-weight crosslinking agents described
above can be used alone or as a mixture of two or more
thereof. The high-molecular-weight compound, that is, the
high-molecular-weight crosslinking agent, is preferably used
as (B) the second acrylate derivative.
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[(C) Acrylate Derivative Polymer]|

(C) The acrylate derivative polymer according to the
present invention is obtained by polymerization of a com-
pound having one polymerizable unsaturated bond in its mol-
ecule (component (A)) among acrylate derivatives, or may be
obtained by copolymerizing it with a compound having two
or more polymerizable unsaturated bonds in its molecule
(component (B)) in such a range that the effect of the present
invention is not hindered.

The weight-average molecular weight (determined by
using a calibration curve of standard polystyrenes by gel
permeation chromatography; this applies hereinafter) is pref-
erably 100,000 to 700,000, more preferably 150,000 to 400,
000, still more preferably 200,000 to 350,000.

(C) The acrylate derivative polymer may be a polymer
obtained by polymerizing one or more compounds having
one polymerizable unsaturated bond in its molecule or may
be obtained by polymerizing them with polymerizable com-
pounds other than acrylate derivatives.

The polymerizable compounds other than acrylate deriva-
tives may be compounds having one polymerizable unsatur-
ated bond in its molecule, such as acrylonitrile, styrene, vinyl
acetate, ethylene and propylene, besides (A) the first acrylate
derivative can be used. The polymerizable compounds other
than acrylate derivatives may be compounds having two or
more polymerizable unsaturated bonds in its molecule (divi-
nyl benzene or the like) other than the second acrylate deriva-
tive can be used.

In the formulation of the optical resin composition of the
present invention, (A) the first acrylate derivative can be used
in regulating the viscosity of the composition. (B) The second
acrylate derivative is used preferably in retaining the shape of
a cured product of the composition.

(C) The acrylate derivative polymer is used preferably in
improving mechanical characteristics. By using (C) the acry-
late derivative polymer, curing shrinkage can be suppressed.

The preferable amounts of the respective components in
the optical resin composition of the present invention, based
on 100 parts by weight of (A) the first acrylate derivative, (B)
the second acrylate derivative and (C) the acrylate derivative
polymer in total, are as follows:

(A) the first acrylate derivative is preferably 14 to 89.49
parts by weight, more preferably 36 to 84.49 parts by weight,
even more preferably 39 to 59 parts by weight,

(B) the second acrylate derivative is preferably 0.1 to 50
parts by weight, more preferably 1 to 40 parts by weight; more
specifically, (1) the low-molecular-weight derivative having a
molecular weight of less than 1000 is 0.1 to 10 parts by
weight, (2) the middle-molecular-weight derivative having a
molecular weight of 1,000 to 4,000 is 0.5 to 20 parts by
weight, and (3) the high-molecular-weight derivative having
amolecular weight of 4,000 or more is 1 to 50 parts by weight
(more preferably 10 to 40 parts by weight), and

(C) the acrylate derivative polymer is preferably 10 to 80
parts by weight, more preferably 15 to 60 parts by weight,
even more preferably 15 to 40 parts by weight.

When the amount ofthe component (A) is less than 14 parts
by weight, there are cases where viscosity is increased,
handleability is deteriorated, bubbles are hardly removed, and
bubbles are easily entrained during coating. On the other
hand, when the amount of the component (A) is higher than
89.49 parts by weight, there are cases where viscosity is
decreased, dripping occurs, necessary film thickness cannot
be secured, curing shrinkage is increased, smoothness is dete-
riorated upon formation into a sheet, and distortion easily
remains upon direct coating and curing on a panel.
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When the amount of the component (B) is less than 0.1 part
by weight, a cured product of the resin composition may
hardly maintain its shape, on the other hand, when the amount
of the component (B) is higher than 50 parts by weight, a
cured product of the resin composition may become brittle to
cause a problem in mechanical characteristics.

When the amount of the component (C) is less than 10% by
weight, there are cases where curing shrinkage is increased,
smoothness is deteriorated upon formation into a sheet, and
distortion easily remains upon direct coating and curing on a
panel. On the other hand, when the amount of the component
(C) is higher than 80 parts by weight, there are cases where
viscosity is increased, bubbles are hardly removed, and
bubbles are easily entrained during coating.

[(D) Polymerization Initiator|

When the optical resin composition of the present inven-
tion is subjected to curing reaction, the optical resin compo-
sition preferably further contains (D) a polymerization initia-
tor, wherein the amount of the component (D), based on 100
parts by weight of (A) the first acrylate derivative, (B) the
second acrylate derivative, (C) the acrylate derivative poly-
mer, and (D) the polymerization initiator in total, is preferably
0.01 to 5 parts by weight, more preferably 0.01 to 3 parts by
weight, even more preferably 0.03 to 2 parts by weight. When
the amount of the polymerization initiator is less than 0.01
part by weight, the reaction does not sufficiently proceed, on
the other hand, when the amount of the polymerization ini-
tiator is higher than 5 parts by weight, the polymerization
initiator will remain in a large amount to cause a problem in
optical characteristics or mechanical characteristics.

As (D) the polymerization initiator, it is possible to use
(D1) aphotopolymerization initiator and/or (D2) a thermopo-
lymerization initiator. When (D1) the photopolymerization
initiator is used as (D) the polymerization initiator in the
above composition, its use amount is preferably 0.1 to 5 parts
by weight. When the thermopolymerization initiator is used
as the polymerization initiator, its use amount is preferably
0.01 to 1 part by weight. When both the photopolymerization
initiator and the thermopolymerization initiator are simulta-
neously used, they are used preferably in their respective
amount ranges.

In the above composition, the high-molecular-weight
crosslinking agent when used as (B) the second acrylate
derivative is used preferably in an amount 1 part by weight or
more, and the second acrylate derivatives having low-mo-
lecular weights to middle-molecular weights (particularly
low-molecular-weight monomers etc.) are used preferably in
an amount 10 parts by weight or less.

In the case of polymerization by irradiation with an elec-
tron beam, the polymerization initiator may not be used. That
is, the curing reaction may be a curing reaction by irradiation
with an active energy ray, or a curing reaction by heat, or both
of them. The active energy ray refers to ultraviolet ray, elec-
tron beam, a-ray, p-ray, y-ray, and the like. These methods
can also be applied to synthesis of the acrylate derivative
polymer.

In the present invention, (D1) the photopolymerization
initiator can be selected from known materials such as ben-
zophenone materials, anthraquinone materials, benzoin
materials, sulfonium salts, diazonium salts, and onium salts.
These materials have sensitivity particularly to ultraviolet ray.

Specific examples of the photopolymerization initiator
include aromatic ketone compounds such as benzophenone,
N,N'-tetramethyl-4,4'-diaminobenzophenone (Michler’s

ketone), N,N'-tetraethyl-4,4'-diaminobenzophenone,
4-methoxy-4'-dimethylaminobenzophenone,  a-hydroxy-
isobutylphenone, 2-ethylanthraquinone, t-butylan-
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thraquinone,  1,4-dimethylanthraquinone,  1-chloroan-
thraquinone, 2,3-dichloroanthraquinone, 3-chloro-2-
methylanthraquinone, 1,2-benzoanthraquinone,

2-phenylanthraquinone, 1,4-naphthoquinone, 9,10-phenan-
thraquinone, thioxanthone, 2-chlorothioxanthone, 1-hy-
droxycyclohexyl phenyl ketone, 2,2-dimethoxy-1,2-diphe-
nylethan-1-one, and 2-hydroxy-2-methyl-1-phenylpropan-1-
one, benzoin compounds such as benzoin, methyl benzoin
and ethyl benzoin, benzoin ether compounds such as benzoin
methyl ether, benzoin ethyl ether, benzoin isobutyl ether and
benzoin phenyl ether, ester compounds such as benzyl, 2,2-
diethoxy acetophenone, benzyl dimethyl ketal and p-(acri-
din-9-yl)acrylate, acridine compounds such as 9-phenyl acri-
dine, 9-pyridyl acridine and 1,7-diacridinoheptane, 2.4,5-
triarylimidazole dimers such as 2-(o-chlorophenyl)-4,5-
diphenyl imidazole dimer, 2-(o-chlorophenyl)-4,5-di(m-
methoxyphenyl)imidazole dimer, 2-(o-fluorophenyl)-4,5-

diphenylimidazole dimer, 2-(o-methoxyphenyl)-4,5-
diphenylimidazole dimer, 2-(p-methoxyphenyl)-4,5-
diphenylimidazole  dimer, 2,4-di(p-methoxyphenyl)-5-
phenylimidazole  dimer, 2-(2,4-dimethoxyphenyl)-4,5-

diphenylimidazole dimer, and 2-(p-methylmercaptophenyl)-
4,5-diphenylimidazole dimer, 2-benzyl-2-dimethylamino-1-
(4-morpholinophenyl)-1-butanone, 2-methyl-1-[4-
(methylthio)phenyl]-2-morpholino-1-propane,  bis(2,4,6-
trimethylbenzoyl)-phenylphosphine oxide, oligo(2-hydroxy-
2-methyl-1-(4-(1-methylvinyl)phenyl)propanone), and the
like. Preferable examples of the photopolymerization initia-
tor causing no coloration of the resin composition include
a-hydroxyalkyl phenone compounds such as 1-hydroxycy-
clohexyl phenyl ketone, 2-hydroxy-2-methyl-1-phenyl-pro-
pan-1-one, and 1-[4-(2-hydroxyethoxy)-phenyl]-2-hydroxy-
2-methyl-1-propan-1-one, acyl phosphine oxide compounds
such as bis(2,4,6-trimethylbenzoyl)-phenylphosphine oxide,
bis(2,6-dimethoxybenzoyl)-2,4,4-trimethyl-pentylphoshine
oxide, and 2,4,6-trimethylbenzoyl-diphenylphosphine oxide,
and mixtures of oligo(2-hydroxy-2-methyl-1-(4-(1-meth-
ylvinyl)phenyl)propanone), oxy-phenyl-acetic acid 2-[2-
oxo-2-phenyl-acetoxy-ethoxy]-ethyl ester and oxy-phenyl-
acetic acid  2-[2-hydroxy-ethoxy]-ethyl ester, and
combinations thereof. Photopolymerization initiators that are
preferably used in preparation of particularly a thick sheet are
those including acyl phosphine oxide compounds such as
bis(2,4,6-trimethylbenzoyl)-phenylphosphine oxide, bis(2,6-
dimethoxybenzoyl)-2.4,4-trimethyl-pentylphoshine oxide,
and 2.4,6-trimethylbenzoyl-diphenylphosphine oxide. For
reducing the smell of a sheet, the photopolymerization initia-
tors are preferably mixtures of oligo(2-hydroxy-2-methyl-1-
(4-(1-methylvinyl)phenyl)propanone),  oxy-phenyl-acetic
acid 2-[2-oxo0-2-phenyl-acetoxy-ethoxy|-ethyl ester and oxy-
phenyl-acetic acid 2-[2-hydroxy-ethoxy]|-ethyl ester. For
reducing polymerization inhibition by oxygen, the photopo-
lymerization initiators are preferably mixtures of oxy-phe-
nyl-acetic acid 2-[2-ox0-2-phenyl-acetoxy-ethoxy]-ethyl
ester and oxy-phenyl-acetic acid 2-[2-hydroxy-ethoxy]-ethyl
ester. These photopolymerization initiators may also be used
in combination thereof.

(D2) The thermopolymerization initiator is an initiator that
generates a radical by heating, and specific examples include
organic peroxides such as benzoyl peroxide, t-butyl perben-
zoate, cumene hydroperoxide, diisopropylperoxy dicarbon-
ate, di-n-propylperoxy dicarbonate, di(2-ethoxyethyl)peroxy
dicarbonate, t-butylperoxy neodecanoate, t-butylperoxy piv-
alate, t-hexylperoxy pivalate, (3,5,5-trimethylhexanoyl)per-
oxide, dipropionyl peroxide, lauroyl peroxide, diacetyl per-
oxide and didodecyl peroxide. Other examples include azo
compounds such as 2,2'-azobisisobutyronitrile, 2,2'-azobis
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(2-methylbutyronitrile), 1,1'-azobis(cyclohexane-1-carbo-
nyl), 2,2'-azobis(2,4-dimethylvaleronitrile), 2,2'-azobis(2,4-
dimethyl-4-methoxyvaleronitrile), dimethyl 2,2'-azobis(2-
methylpropionate), 4,4'-azobis(4-cyanovaleric acid), 2,2'-
azobis(2-hydroxymethylpropionitrile), and 2,2'-azobis[2-(2-
imidazolin-2-yl)propane].

When the temperature at which half of the thermopolymer-
ization initiator is decomposed in 10 hours, called 10-hour
half-life temperature, is too low, storage stability may be
reduced, while when the 10-hour half-life temperature is too
high, there may arise a problem that because heating at high
temperature is necessary for the reaction, the characteristics
of a liquid crystal or a polarization plate are deteriorated, so
the display characteristics of the liquid crystal display are
deteriorated. Accordingly, the 10-hour half-life temperature
of the thermopolymerization initiator is preferably 40 to 80°
C., more preferably 40 to 65° C., even more preferably 50 to
65° C. A thermopolymerization initiator having a relatively
high 10-hour half-life temperature can easily secure storage
stability, but should be added in a relatively large amount
because of its low reactivity. On the other hand, a thermopo-
lymerization initiator having a low 10-hour half-life tempera-
ture is added preferably in a relatively small amount to pre-
vent polymerization reaction during storage.

The heating of the optical resin composition when applied
or injected in the state of a resin composition may not be
allowable because of the low heat resistance of a polarization
plate used in a liquid crystal panel. In this case, a photopoly-
merization initiator capable of polymerization with light is
preferable. In this case, the amounts of the respective com-
ponents, based on 100 parts by weight of (A) the acrylate
derivative, (B) the acrylate derivative polymer, (C) the high-
molecular-weight crosslinking agent and preferably (D1) the
photopolymerization initiator in total, are (A) 15 to 40 parts
by weight, (B) 5 to 40 parts by weight, (C) 39 to 59 parts by
weight and (D1) 0.5 to 2.0 parts by weight.

In the optical resin composition of the present invention,
(A) the first acrylate derivative is preferably a mixture con-
sisting of an alkyl acrylate having an alkyl group containing 4
to 18 carbons (referred to hereinafter as AA monomer) and a
hydroxyl-containing acrylate represented by the following
general formula (I) (referred to hereinafter as HA monomer):

CH,—CHCOO(C,,H,,,0),H General Formula (I)

wherein m is 2, 3 or 4, and n is an integer of 1 to 10.

(C) The acrylate derivative polymer is preferably a copoly-
mer obtained by polymerizing AA monomer with HA mono-
mer.

The HA monomer is incorporated preferably such that the
proportion (M % by mass) of HA monomer in (A) the first
acrylate derivative and the proportion (P % by mass) of HA
monomer in (C) the acrylate derivative polymer satisty the
following relationship:

-8=(P-M)=<8 Formula (I)

In this case, the preferable amounts of the respective com-
ponents in the optical resin composition of the present inven-
tion, based on 100 parts by weight of (A) the first acrylate
derivative, (B) the second acrylate derivative and (C) the
acrylate derivative polymer in total, are as follows: (A) the
first acrylate derivative is contained in an amount of prefer-
ably 36 to 84.49 parts by weight, more preferably 39 to 69
parts by weight, even more preferably 39 to 59 parts by
weight, (B) the second acrylate derivative is contained in an
amount of preferably 0.1 to 50 parts by weight, more prefer-
ably 0.5 to 50 parts by weight, even more preferably 1 to 40
parts by weight, and (C) the acrylate derivative polymer is
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contained in an amount of preferably 15 to 60 parts by weight,
more preferably 15 to 40 parts by weight, even more prefer-
ably 40 to 60 parts by weight. As (B) the second acrylate
derivative, more specifically, (1) the low-molecular-weight
derivative having a molecular weight of less than 1000 is
preferably contained in an amount of 0.1 to 10 parts by
weight, (2) the middle-molecular-weight derivative having a
molecular weight of 1,000 to 4,000 in an amount of 0.5 to 20
parts by weight, and (3) the high-molecular-weight derivative
having a molecular weight ot 4,000 or more in an amount of
1 to 50 parts by weight (more preferably 10 to 40 parts by
weight).

When (D) the polymerization initiator is further contained,
(D) the polymerization initiator based on 100 parts by weight
of the components ((A) to (C)) and (D) the polymerization
initiator in total in the resin composition is contained in an
amount of preferably 0.01 to 5 parts by weight, more prefer-
ably 0.01 to 3 parts by weight, even more preferably 0.03 to 2
parts by weight ((D1) the photopolymerization initiator is
contained in an amount of preferably 0.1 to 5 parts by weight,
more preferably 0.3 to 3 parts by weight, even more prefer-
ably 0.5 to 2.0 parts by weight, and (D2) the thermopolymer-
ization initiator is contained in an amount of preferably 0.01
to 1 part by weight, more preferably 0.01 to 0.5 part by
weight, and when both (D1) the photopolymerization initia-
tor and (D2) the thermopolymerization initiator are used, they
are used preferably in their respective ranges).

In the above composition, the high-molecular-weight
crosslinking agent when used as (B) the second acrylate
derivative is used in an amount of 1 part by weight or more,
more preferably 5 parts by weight or more, and the amount of
the low-molecular weight to middle-molecular weight sec-
ond acrylate derivatives (particularly the low-molecular-
weight monomer etc.) is preferably 10 parts by weight or less.

(A) The first acrylate derivative is preferably a compound
having one acryloyl group in its molecule, and this compound
is preferably a mixture of AA monomer and HA monomer,
more preferably used in a proportion of 50 to 87% by weight
of AA monomer and 13 to 50% by weight of HA monomer,
even more preferably used in a proportion of 60 to 70% by
weight of AA monomer and 30 to 40% by weight of HA
monomer.

When the amount of AA monomer is higher than 87% by
weight and thus the amount of HA monomer is too small, a
cured product upon moisture absorption becomes easily
clouded, on the other hand, when the amount of HA monomer
is higher than 50% by weight and thus the amount of AA
monomer is too small, a cured product of the optical resin
composition of the present invention upon moisture absorp-
tion is easily deformed.

The HA monomer is preferably incorporated such that the
proportion (M % by mass) of HA monomer in (A) the first
acrylate derivative and the proportion (P % by mass) of HA
monomer in (C) the acrylate derivative polymer satisty the
following relationship:

-8=(P-M)=8

When (P-M) does not satisfy the above relationship, the
optical resin material of the present invention tends to be
easily clouded upon curing. This condition is always satisfied
when AA monomer (and HA monomer) are in the preferable
proportions described above in (C) the acrylate derivative
polymer and (A) the first acrylate derivative.

The value of (P-M) preferably has a lower limit of -5 and
anupper limit of 5, more preferably a lower limit of -3 and an
upper limit of 3.

Formula (I)
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The AA monomer includes n-butyl acrylate, n-pentyl acry-
late, n-hexyl acrylate, n-octyl acrylate, isooctyl acrylate,
2-ethylhexyl acrylate, dodecyl acrylate, stearyl acrylate, and
the like, among which n-butyl acrylate, isooctyl acrylate,
2-ethylhexyl acrylate and n-octyl acrylate are preferable, and
ethylhexyl acrylate is particularly preferable. These acrylates
may be used as a combination of two or more thereof.

The HA monomer includes hydroxyl-containing acrylates
such as 2-hydroxyethyl acrylate, 1-hydroxyethyl acrylate,
2-hydroxypropyl acrylate, 3-hydroxypropyl acrylate, 1-hy-
droxypropyl acrylate, 4-hydroxybutyl acrylate, 3-hydroxy-
butyl acrylate, 2-hydroxybutyl acrylate and 1-hydroxybutyl
acrylate, polyethylene glycol monoacrylates such as diethyl-
ene glycol or triethylene glycol, polypropylene glycol
monoacrylates such as dipropylene glycol or tripropylene
glycol, and polybutylene glycol monoacrylates such as dibu-
tylene glycol or tributylene glycol, among which 2-hydroxy-
ethyl acrylate, 1-hydroxyethyl acrylate, 2-hydroxypropyl
acrylate, 3-hydroxypropyl acrylate, 1-hydroxypropyl acry-
late, 4-hydroxybutyl acrylate, 3-hydroxybutyl acrylate, 2-hy-
droxybutyl acrylate and 1-hydroxybutyl acrylate are prefer-
able, and 2-hydroxyethyl acrylate is particularly preferable.
These acrylates may be used as a combination of two or more
thereof.

In the present invention, the AA monomer and HA mono-
mer are used preferably as the same combination in (A) the
first acrylate derivative and (C) the acrylate derivative poly-
mer, respectively.

The copolymer obtained by polymerizing the AA mono-
mer with the HA monomer in the present invention has a
weight-average molecular weight (determined by using a
calibration curve of standard polystyrenes by gel permeation
chromatography; this applies hereinafter) of preferably 100,
000 to 700,000, more preferably 150,000 to 400,000, still
more preferably 200,000 to 350,000.

As the method of synthesizing the copolymer obtained by
polymerizing the AA monomer with the HA monomer, it is
possible to use known polymerization methods, such as solu-
tion polymerization, suspension polymerization, emulsion
polymerization and bulk polymerization, among which solu-
tion polymerization or bulk polymerization is preferable. As
the polymerization initiator, a compound generating a radical
by heat can be used. Specific examples include organic per-
oxides such as benzoyl peroxide, t-butyl perbenzoate,
cumene hydroperoxide, diisopropylperoxy dicarbonate, di-n-
propylperoxy dicarbonate, di(2-ethoxyethyl)peroxy dicar-
bonate, t-butylperoxy neodecanoate, t-butylperoxy pivalate,
(3,5,5-trimethylhexanoyl)peroxide, dipropionyl peroxide,
diacetyl peroxide and didodecyl peroxide, and azo com-
pounds such as 2,2'-azobisisobutyronitrile, 2,2'-azobis(2-me-
thylbutyronitrile), 1,1'-azobis(cyclohexane-1-carbonyl),
2,2'-azobis(2,4-dimethylvaleronitrile), 2,2'-azobis(2,4-dim-
ethyl-4-methoxyvaleronitrile), dimethyl 2,2'-azobis(2-meth-
ylpropionate), 4,4'-azobis(4-cyanovaleric acid), 2,2'-azobis
(2-hydroxymethylpropionitrile), and  2,2'-azobis[2-(2-
imidazolin-2-yl)propane].

The polymerization of the AA monomer at a proportion of
50 to 87% by weight with the HA monomer at 13 to 50% by
weight is preferable, and the polymerization of the AA mono-
mer at 60 to 70% by weight with the HA monomer at 30 to
40% by weight is more preferable.

From the viewpoint of deterioration prevention, thermal
stability, moldability and processability, the optical resin
composition of the present invention may be compounded
with antioxidants based on phenol, phosphite, and thioether,
release agents such as aliphatic alcohols, fatty acid esters,
phthalates, triglycerides, fluorochemical surfactants, and
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higher fatty metal salts, other lubricants, plasticizers, anti-
static agents, ultraviolet absorbers, flame retardants, heavy-
metal deactivators, fine granular fillers such as alumina,
silica, magnesium oxide, talc, barium titanate, and barium
sulfate, and coloring agents including dyes such as Victoria
Pure Blue and pigments such as phthalocyanine green, in
such a range that optical characteristics or the working effect
of'the present invention is not significantly deteriorated. Also,
compounds having one polymerizable unsaturated bond in its
molecule, such as acrylonitrile, styrene, vinyl acetate, ethyl-
ene, and propylene may also be used as components other
than the components (A) to (D).

Preferably the optical resin composition of the present
invention is further added with various stabilizers as neces-
sary. The stabilizers include polymerization inhibitors such as
paramethoxy phenol used for the purpose of improving the
storage stability of the resin composition, antioxidants such
as triphenyl phosphine used in improving the heat resistance
of a cured product of the resin composition, and HALS etc.
used for improving weatherability. These stabilizers may be
used as a combination of one or more thereof. Besides, other
compounds may be added in such a range that the effect of the
present invention can be attained.

The curing shrinkage of the optical resin composition of
the present invention is preferably 15% or less, more prefer-
ably 12% or less. When the curing shrinkage is high, stress by
shrinkage is increased thus generating distortion in the resin
or causing the resin to be easily released from a protective
plate or a liquid crystal panel.

The optical resin composition of the present invention is
formed into a film or a layer on an optical filter or on the
surface of an image display panel of an image display device,
such that its film thickness preferably reaches 0.1 mm to 3
mm. In consideration of impact absorption, the thickness is
more preferably 0.2 mm or more. Particularly when impact
absorption is to be increased, the thickness is preferably 1.3
mm or more. The optical resin composition of the present
invention can be applied onto the surface of an image display
panel or an image display device, a substrate of an optical
filter, or the like, may be applied to form a film thereon, then
cured by irradiation with a light such as ultraviolet ray or a
radiation such as electron beam, to form an optical resin
material. When an optical filter is prepared, the optical resin
composition of the present invention is formed into a film on
a substrate of the optical filter or on a functional layer such as
an antireflective film, further laminated with a substrate of the
optical filter, a functional layer or a protective layer, and then
cured by irradiation with a radiation. The optical resin com-
position of the present invention may, when possible, be used
in the form of a sheet (including form of a film).
<Optical Resin Material>

The optical resin material of the present invention can be
obtained by curing reaction of the optical resin composition
of the present invention. The optical resin composition may
be applied to form a film on the surface of an image display
panel or an image display device, on a substrate of an optical
film, or the like, and then cured by irradiation with light or by
heating to a predetermined temperature. Heating and light
irradiation may be simultaneously used.

As the method of synthesizing the acrylate derivative poly-
mer, it is possible to use known polymerization methods, such
as solution polymerization, suspension polymerization,
emulsion polymerization and bulk polymerization.

The produce of the optical resin material of the present
invention can make use of injection molding for example, by
applying the resin composition to a desired thickness with a
general-purpose coater and then curing it by irradiation with
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a light such as ultraviolet ray or a radiation such as electron
beam. When the material is in the form of a sheet (including
in form of a film), the thickness of the sheet is preferably 0.1
mm to 3 mm. When a transparent protective substrate is not
used, the thickness of the sheet is more preferably 0.2 mm or
more in consideration of impact absorption. Particularly
when impact absorption is to be increased, the thickness is
preferably 1.3 mm or more. On the other hand, when a trans-
parent protective substrate is used, the thickness of the sheet
is preferably 0.5 mm or less, more preferably 0.2 mm or less.
This optical resin material can be laminated in the form of a
sheet (including a film) such as on the surface of an image
display panel or an image display device or onan optical filter,
directly or via a pressure-sensitive adhesive or an adhesive.

When an optical filter is to be produced, the optical resin
composition of the present invention can be applied onto a
substrate of an optical filter or a functional layer such as an
antireflective film layer to form a film thereon, then laminated
with a substrate of an optical filter, a functional layer or a
protective layer and then cured by irradiation with a radiation.
The optical resin composition of the present invention may,
when possible, be used in the form of a sheet (including the
form of a film) and then cured.

The glass transition temperature (Tg) of the optical resin
material used in the present invention is preferably 0° C. or
less. When the glass transition temperature is higher than 0°
C., the impact-absorbing layer is made rigid and easily rup-
tured by impact. The Tg is more preferably —20 to -60° C.

In the molecule of the polymer serving as the optical resin
material used in the present invention is preferably provided
with a polar group for the purpose of increasing adhesiveness.
The polar group for increasing adhesiveness to glass includes
polar groups such as a hydroxyl group, a carboxyl group, a
cyano group and a glycidyl group, and these groups can be
introduced by reacting the molecule with a monomer having
such a group.

The rubber hardness of the optical resin material of the
present invention is preferably 50 or less.

A sample of 40 mm in width, 40 mm in length and 10 mm
in depth is measured for its rubber hardness and used at 5
positions with a spring-type hardness meter (for example,
WR-104 A manufactured by Nishi Tokyo Seimitsu Co., [.td.),
and an average value at the 5 positions is indicated as rubber
hardness.

The storage elastic modulus of the optical resin material of
the present invention is preferably 10* to 107 Pa at 25° C. in
order to support a protective plate and to absorb impact.

The birefringence of the optical resin material of the
present invention is preferably 30 nm or less, more preferably
10 nm or less. When the birefringence is large, irregular color
tends to easily occur upon lighting of a liquid crystal panel.

The optical resin composition and the optical resin material
according to the present invention, when used in image dis-
play devices, have a visible light transmittance of preferably
50% or more, more preferably 80% or more, even more
preferably 85% or more. When the total light transmittance is
too low, contrast tends to decrease and visibility tends to
decrease.

When the polymerization of the optical resin composition
of the present invention by irradiation with ultraviolet ray or
the like is inhibited by the presence of oxygen, the surface of
the resin is preferably covered with a transparent film or
transparent glass to shield oxygen. By polymerization in an
inert atmosphere, oxygen can also be shielded. When oxygen
is difficult to shield, the influence of oxygen on polymeriza-
tion inhibition can be reduced by increasing the amount of a
polymerization initiator added. The polymerization initiator
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in this case is preferably a mixture of oxy-phenyl-acetic acid
2-[2-0x0-2-phenyl-acetoxy-ethoxy|-ethyl ester and oxy-phe-
nyl-acetic acid 2-[2-hydroxy-ethoxy]-ethyl ester. An ultra-
violet irradiator that can be used includes sheet-feeding or
conveyor-type ultraviolet irradiators. Alight source that can
be used in ultraviolet irradiation includes a low-pressure mer-
cury lamp, a medium-pressure mercury lamp, a high-pressure
mercury lamp, a metal halide lamp and a LED lamp, among
which a high-pressure mercury lamp and a metal halide lamp
are preferable.

Even if the optical resin composition of the present inven-
tion is formed into a thick film or the optical resin material of
the present invention is thick, it includes a high-molecular-
weight copolymer (component (C)), and thus the optical resin
material as its cured resin is rigid, is hardly composition
deformable against impact, and can thus be made thicker to
easily improve impact absorption.

The optical resin composition or the optical resin material
according to the present invention can be applied to various
image display devices. The image display devices include
plasma display panel (PDP), liquid crystal display (LCD),
cathode ray tube (CRT), field emission display (FED),
organic EL display, electronic paper, and the like.
<Optical Filter>

The optical filter of the present invention can be constituted
by combining the optical resin composition or the optical
resin material ofthe present invention with a multilayer mate-
rial having a functional layer such as an antireflective layer, an
antifouling layer, a coloring layer, a hard coat layer, or the
like, formed as a film or layer on a substrate film such as a
polyethylene film or a polyester film, or with a plate such as
glass, acrylate or polycarbonate, or with a multilayer material
having a functional layer formed as a film or layer on such a
plate, or with such a plate or multilayer material.

The antireflective layer may be a layer having an antire-
flection property to reduce the visible reflectance of the opti-
cal filter to 5% or less, and may be a layer treating a transpar-
ent substrate such as a transparent plastic film by an known
antireflection method.

The antifouling layer is used to make the surface of the
optical filter antifouling, and a layer of a fluorine-based resin,
a silicon-based resin, or the like, is used to decrease surface
tension, and these known layers can be used.

The coloring layer is used for improving color purity and
used in reducing unnecessary light when the color purity of
light emitted from an image display panel such as a liquid
crystal display panel. A coloring matter that absorbs an
unnecessary portion of light is dissolved in a resin and formed
into a film or layer on a substrate film such as a polyethylene
film or a polyester film or is mixed with a pressure-sensitive
adhesive.

The hard coat layer is used to increase surface hardness. As
the hard coat layer, acrylic resin such as urethane acrylate or
epoxy acrylate, epoxy resin, or the like, can be formed into a
film or layer on a substrate film such as polyethylene film.
Similarly, a glass plate, an acrylic plate, a plate of polycar-
bonate, or the like, or a hard coat layer formed into a film or
laminated on such a plate can also be used to increase surface
hardness.

In the optical resin composition or the optical resin mate-
rial of the present invention, a functional layer such as an
antireflective layer and an appropriately necessary layer can
used by lamination. In this case, the functional layer may be
laminated on one side of a transparent substrate, or layers
different in function or layers having the same function may
be laminated on both sides of a transparent substrate. The
functional layers may be arranged in an arbitrary order.
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The optical resin composition or optical resin material of
the present invention, when combined with these functional
layers, is laminated preferably in a side near to an image
display panel or the surface of an image display device.

The optical filter of the present invention can also be
obtained by laminating the optical resin composition or opti-
cal resin material of the present invention on a polarization
plate. In this case, the optical resin composition or material
may be formed into a film or layer at the viewable side, or the
other side, of a polarization plate. When the optical resin
composition or optical resin material of the present invention
is used at the viewable side of a polarization plate, an antire-
flective layer, an antifouling layer and a hard coat layer may
be laminated nearer to the viewable face than the optical resin
composition or material. When the optical resin composition
or material is used between a polarization plate and a liquid
crystal cell, functional layers can be laminated at the viewable
side of the polarization plate.

When such a multilayer material is formed, the optical
resin composition or optical resin material of the present
invention is arranged preferably as the outermost layer.

If necessary, these layers may be laminated via pressure-
sensitive adhesive layers among the layers by a roller lami-
nator or a sheet feeding laminator. The multilayer material
laminated by a roller laminator or a sheet feeding laminator
can be laminated by a roller laminator or a sheet feeding
laminator on an image display panel or in front of an image
display device or on a front plate or a transparent protective
substrate for an image display device.
<Image Display Device>

Inthe image display device ofthe present invention, a layer
consisting of the optical resin composition or optical resin
material of the present invention is arranged in a suitable
position at the viewable side. Particularly it is applied
between an image display panel and a front plate or a trans-
parent protective substrate, is particularly preferred.

The front plate or transparent protective substrate for an
image display device can use a general optical transparent
substrate. Specific examples include an inorganic plate such
asaglass plate or a quartz plate, a resin plate such as an acrylic
resin plate, a cycloolefin resin plate or a polycarbonate plate,
and a resin sheet such as a thick polyester sheet. When high
surface hardness is necessary, a plate such as a glass plate or
an acrylic plate is preferable, and a glass plate is more pref-
erable. The front plate or the surface of the transparent pro-
tective substrate may have been subjected thereon to antire-
flection treatment and antifouling treatment or provided with
a hard coat. One side or both sides of the front plate or the
transparent protective substrate may have been subjected to
these surface treatments. A combination of these front plates
or transparent protective substrates may also be used.

The front plate or transparent protective substrate for an
image display device preferably has a pencil hardness of H or
more and a birefringence of 50 nm or less. When the pencil
hardness is low, the surface may be scarred or easily ruptured
by impact. When the birefringence is high, irregular color
tends to easily occur. When the optical resin composition is a
ultraviolet curable resin composition, the front plate or trans-
parent protective substrate for an image display device pref-
erably has a ultraviolet transmittance of 1% or more at a
wavelength of 365 nm. When the ultraviolet transmittance is
low, the ultraviolet curable resin composition becomes easily
deficient in curing and reduces reliability.

When the image display device of the present invention is
a liquid crystal display, its liquid crystal display cell may use
a general liquid crystal display cell. The liquid crystal display
cell can be divided, depending on the control method, into
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TN, STN, VA, IPS etc., and liquid crystal display cells using
any of the control methods may be used.

The liquid crystal display will be described in detail by
reference to the drawings. FIGS. 1, 2, 3 and 4 are schematic
cross-sectional views of liquid crystal displays using the opti-
cal resin material of the present invention, and FIGS. 5 and 6
are schematic cross-sectional views of conventional liquid
crystal displays.

The structure of the conventional liquid crystal display as
shown in one example in FIG. 5 is composed of a liquid
crystal display cell 1, polarization plates 2 stuck to both sides
thereof, and a transparent protective substrate 5 arranged via
gap 3 in the front. The liquid crystal display cell 1 is a
structure having a liquid crystal encapsulated between two
transparent glass plates, and polarization plates 2 etc. are
attached outside of the glass plates on both sides. Reference
numeral 4 positioned below the liquid crystal display cell 1 is
a reflective plate or a backlight system. In this case, an anti-
reflective layer, an antifouling layer, a hard coat layer and the
like are laminated as necessary in front of the transparent
protective substrate 5. FIG. 6 shows another conventional
liquid crystal display, which includes a liquid crystal display
cell 1, polarization plates 2 stuck to both sides thereof, and a
reflective plate or a backlight unit 4. In this case, an antire-
flective layer, an antifouling layer, a hard coat layer and the
like are laminated as necessary in front of the polarization
plate 2. On the other hand, a liquid crystal display composed
by using a transparent resin layer consisting of the optical
resin material of the present invention is shown in FIG. 1 as
one example of the liquid crystal display of the present inven-
tion.

Polarization plates 2 are laminated on both sides of the
liquid crystal display cell 1, a transparent resin layer 3' is
laminated on one of the polarization plates 2, and a transpar-
ent protective substrate 5 is laminated thereon to constitute a
viewable side, while a reflective plate or a backlight system 4
is arranged on the other polarization plate 2.

The order of the transparent resin layer 3' and the polariza-
tion plate 2 at the viewable side in the structure shown in FI1G.
1 may be changed as shown in FIG. 2. In this case, a pressure-
sensitive adhesive or the like may be used to stick the polar-
ization plate 2 to the transparent protective substrate 5. When
the transparent protective substrate 5 is used as shown in FI1G.
1 or 2, the surface of the transparent protective substrate 5
may be laminated thereon as necessary with an antireflective
layer, an antifouling layer, a hard coat layer and the like. The
surface of the polarization plate 2 may be laminated thereon
as necessary with an antireflective layer, an antifouling layer,
ahard coat layer and the like, but these functional layers may
be lacking.

There are also structures where the transparent protective
substrate 5 is not arranged as shown in FIGS. 3 and 4, corre-
sponding to the structures of the liquid crystal displays in
FIGS. 1 and 2. In FIG. 4, the order of the transparent resin
layer 3' and the polarization plate 2 is changed. When the
polarization plate 2 is arranged as the outermost layer as
shown in FIG. 3, an antireflective layer, an antifouling layer,
ahard coat layer and the like may be laminated on the surface
of'the polarization plate 2. When the transparent resin layer 3'
is arranged as the outermost layer as shown in FIG. 4, an
antireflective layer, an antifouling layer, a hard coat layer and
the like may be laminated in front of the transparent resin
layer 3', and at least a hard coat layer is particularly preferably
laminated.

The polarization plate may use a general polarization plate.
The surface of the polarization plate may have been subjected
to antireflection treatment, antifouling treatment or provided
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with a hard coat. One side or both sides of the polarization
plate may have been subjected to such surface treatments.

The optical resin composition or the optical resin material
of the present invention is formed into a film or layer lami-
nated on functional layers such as an antireflective layer, an
electromagnetic shielding layer and an infrared shielding
layer or on substrate films such as a polyethylene film and a
polyester film and can be utilized as a multilayer material or
as an optical filter consisting of such multilayer material.

The electromagnetic shielding layer may be a known elec-
tromagnetic shielding layer as long as it has a visible reflec-
tance of 60% or more as electromagnetic shielding property.
A transparent electroconductive film, an electroconductive
fiber mesh, a mesh prepared from electroconductive ink, etc.
can be used, but from the viewpoint of high transparency and
high electromagnetic shielding property, a metal mesh is most
preferable. For preparation of a metal mesh, a transparent
substrate such as polyester film and an electroconductive foil
such as copper foil or aluminum foil are stuck to each other
via an adhesive applied to either or both of them, and then the
metal foil is etched by the chemical etching process, to pro-
duce the intended metal mesh. At this time, the electrocon-
ductive metal foil is preferably using one having a rough
surface for securing adhesiveness. The rough surface of the
electroconductive metal foil is laminated so as to face the
adhesive layer. After the metal mesh is prepared by etching as
described above, it is preferable that a resin particularly pref-
erably a resin curable with radiations such as ultraviolet ray,
electron beam etc. is applied onto the metal mesh and then
cured by irradiation with radiations such as ultraviolet ray,
electron beam etc., whereby the adhesive layer to which the
rough surface was transferred is made transparent. The resin
composition of the present invention can be used as aresin for
attaining transparency or as a resin both for transparency and
as an impact absorbing layer.

The antireflective layer may be a layer having antireflective
property to attain a visible reflectance of 5% or less, and can
be a layer prepared by treating a transparent substrate such as
a transparent plastic film by a known antireflective method.

The infrared shielding layer consists of a resin layer having
an infrared absorber such as an imonium salt or an infrared
shielding material dispersed therein, and can be laminated on
a transparent substrate such as a transparent plastic film. The
optical resin composition or the optical resin sheet of the
present invention can be endowed with an ability to shield
infrared light by dispersing an infrared absorber such as an
imonium salt or an infrared shielding material therein.

The filter having an electromagnetic shielding layer or an
infrared shielding layer is suitable for a plasma display.

In the layer having the optical resin composition or the
optical resin material according to the present invention and
functional layers such as an electromagnetic shielding layer,
an antireflective layer and an infrared shielding layer, a layer
consisting of the optical resin composition or the optical resin
material of the present invention is essential and other neces-
sary layers can be used by lamination. In this case, the func-
tional layer may be laminated on one side of a transparent
substrate, or layers different in function or layers having the
same function may be laminated on both sides of a transparent
substrate. The order of functional layers to be laminated is
arbitrary.

When such multilayer material is to be formed, the optical
resin composition or the optical resin material of the present
invention is arranged preferably as the outermost layer. In this
case, the optical resin composition or the optical resin mate-
rial of the present invention can be stuck, via its adhesion, to
a panel, a transparent substrate etc as necessary by the user.
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On the other hand, it can be previously laminated on a trans-
parent substrate or the like so that a sticking step to be con-
ducted by the user can be eliminated.

These layers can be laminated via a pressure-sensitive
layer among the layers by a roller laminator or a sheet feeding
laminator. The multilayer material laminated by a roller lami-
nator or a sheet feeding laminator can be laminated, by aroller
laminator or a sheet feeding laminator, on the front of an
image display device or an image display panel or on a front
plate for an image display device. In this case, a layer con-
sisting of the optical resin material of the present invention is
preferably stuck to the front of an image display or an image
display panel or on a front plate for an image display device.
The image display device or the image display device
includes PDP, liquid crystal display (LCD) panel, cathode ray
tube (CRT), and the like.

EXAMPLES

Hereinafter, the present invention is described by reference
to the Examples. The present invention is not limited to these
examples.

Example 1

Synthesis of Acrylate Derivative Polymer

In a reaction container equipped with a condenser, a ther-
mometer, a stirrer, a dropping funnel and a nitrogen inlet tube,
84.0 g of 2-ethylhexyl acrylate (AA monomer), 36.0 g of
2-hydroxyethyl acrylate (HA monomer) and 150.0 g of
methyl isobutyl ketone were heated as initial monomers from
ordinary temperature to 70° C. over 15 minutes while the
atmosphere in the reaction container was replaced with nitro-
gen at a gas flow rate of 100 ml/min. To this solution kept at
this temperature was dropped a solution prepared by dissolv-
ing 0.6 g of lauroyl peroxide in 21.0 g of 2-ethylhexyl acrylate
and 9.0 g of 2-hydroxyethyl acrylate as additional monomers
over 60 minutes, and after completion of dropping, the mix-
ture was further reacted for 2 hours. Subsequently, a 2-ethyl-
hexyl acrylate (AA monomer)/2-hydroxyethyl acrylate (HA
monomer) copolymer (weight-average molecular weight of
250,000) was obtained by distilling away the methyl isobutyl
ketone.

(Synthesis of High-Molecular-Weight Crosslinking Agent)

Then, 180 g of polypropylene glycol (molecular weight
2,000), 2.33 g of 2-hydroxyethyl acrylate, 0.5 g of p-methox-
yphenol as a polymerization inhibitor, and 0.05 g of dibutyltin
dilaurate as a catalyst were placed in a reaction container
equipped with a condenser, a thermometer, a stirrer, a drop-
ping funnel and an air inlet tube and heated to 70° C. under
passage of air, and then 22.2 g of isophorone diisocyanate was
uniformly dropped thereto over 2 hours under stirring at 70 to
75° C., to carry out the reaction. When the mixture was
reacted for about 5 hours after completion of dropping and
then measured by IR, the disappearance of the isocyanate was
confirmed, and the reaction was terminated to yield polyure-
thane acrylate (weight-average molecular weight 16,000)
having polypropylene glycol and isophorone diisocyanate as
repeating units and having polymerizable unsaturated bonds
at both ends.
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(Preparation of Optical Resin Composition to Preparation of
Transparent Sheet)

The above copolymer 2488 g
2-Ethylhexyl acrylate (AA monomer) 27.85g
2-Hydroxyethyl acrylate (HA monomer) 1194 ¢
The above polyurethane acrylate 3484¢g
1-Hydroxy-cyclohexyl-phenyl-ketone (photopolymerization 0.50g

initiator)

The above components were stirred and mixed to prepare
(1) an optical resin composition which was then poured into
a frame of 100 mm in width, 100 mm in length and 0.5 mm in
depth, and the resin composition in a state covered at an upper
part with an ultraviolet transmitting glass was irradiated with
2,000 mJ ultraviolet ray from an ultraviolet irradiator to yield
a transparent sheet. The curing shrinkage of this resin com-
position was 5.3%, and the sheet had a total light transmit-
tance of 92% and a birefringence of 0.4 nm. Then, this sheet
was stuck to a float glass of 2.8 mm in thickness for shield
glass, further stuck to a glass of 0.7 mm in thickness, and
subjected to an impact resistance test. As a result, the shield
glass was not broken at 0.6 J but broken at 0.75 J. This sheet
maintained transparency even after a moisture absorption
test. The impact resistance test was carried out in the follow-
ing manner.

—Impact Resistance Test—

The resin sheet stuck to shield glass was further stuck to a
glass 0of 0.7 mm in thickness equivalent to that used in a liquid
crystal panel, and 510 g steel ball was dropped to the side of
the shield glass, to evaluate its impact resistance. The steel
ball was dropped from the center heights of 5 cm, 8 cm, 10
cm, 12 cm, 15 cm, and thereafter from heights increased by 5
cm increments, and impact resistance was evaluated depend-
ing on whether the shield glass was broken or not. The impact
strength was calculated from the following equation:

Impact strength=steel ball weight (Kg)xheight (m)x
9.8 (m/s%)

For example, when the height is 5 cm, the impact strength
18 0.51x0.05x9.8=0.25 J.

The resulting optical resin composition was poured into a
frame of 40 mm in width, 40 mm in length and 10 mm in
depth, and the composition in a state covered at an upper part
with an ultraviolet transmitting glass was irradiated with
9,000 mJ ultraviolet ray from an ultraviolet irradiator, to
prepare a sample for rubber hardness measurement, and this
sample when measured for its rubber hardness indicated a
rubber hardness of 2.

Example 2

The copolymer in Example 1 39.60 g
2-Ethylhexyl acrylate (AA monomer) 31.88¢g
2-Hydroxyethyl acrylate (HA monomer) 13.66 g
The polyurethane acrylate in Example 1 13.86 g
1-Hydroxy-cyclohexyl-phenyl-ketone (photopolymerization 1.0g

initiator)

The above components were stirred and mixed to prepare
(2) an optical resin composition which was then poured into
a frame of 100 mm in width, 100 mm in length and 0.5 mm in
depth, and the resin composition in a state covered at an upper
part with an ultraviolet transmitting glass was irradiated with
2,000 mJ ultraviolet ray from an ultraviolet irradiator to yield
a transparent sheet. The curing shrinkage of this resin com-
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position was 5.9% and the total light transmittance of the
sheet was 91%. Then, this sheet was stuck to a float glass of
2.8 mm in thickness for shield glass, further stuck to a glass of
0.7 mm in thickness, and subjected to an impact resistance
test in the same manner as in Example 1. As a result, the shield
glass was not broken at 0.5 J but broken at 0.75 J. This sheet
maintained transparency even after a moisture absorption
test.

The resin composition was poured into a frame of 40 mm in
width, 40 mm in length and 10 mm in depth, and the resin
composition in a state covered at an upper part with an ultra-
violet transmitting glass was irradiated with 9,000 mJ ultra-
violet ray from an ultraviolet irradiator, to prepare a sample
for rubber hardness measurement, and this sample when mea-
sured for its rubber hardness indicated a rubber hardness of 0.

Example 3

The copolymer in Example 1 2450 ¢g
2-FEthylhexy! acrylate (AA monomer) 2744 ¢
2-Hydroxyethyl acrylate (HA monomer) 11.76 g
The polyurethane acrylate in Example 1 3430¢g
A mixture (photopolymerization initiator) of

oxy-phenyl-acetic acid

2-[2-0x0-2-phenyl-acetoxy-ethoxy]-ethyl ester and 2.00g

oxy-phenyl-acetic acid 2-[2-hydroxy-ethoxy]-ethyl
ester)

The above components were stirred and mixed to prepare
(3) an optical resin composition which was then poured into
a frame of 100 mm in width, 100 mm in length and 0.5 mm in
depth, and the resin composition in a state covered at an upper
part with an ultraviolet transmitting glass was irradiated with
2,000 mJ ultraviolet ray from an ultraviolet irradiator to yield
a transparent sheet. The curing shrinkage of this resin com-
position was 5.4%, and the sheet had a total light transmit-
tance of 91% and a birefringence of 0.4 nm. Then, this sheet
was stuck to a float glass of 2.8 mm in thickness for shield
glass, further stuck to a glass of 0.7 mm in thickness, and
subjected to an impact resistance test in the same manner as in
Example 1. As a result, the shield glass was not broken at 0.5
J but broken at 0.75 J. This sheet maintained transparency
even after a moisture absorption test.

The resin composition was poured into a frame of 40 mm in
width, 40 mm in length and 10 mm in depth, and the resin
composition in a state covered at an upper part with an ultra-
violet transmitting glass was irradiated with 9,000 mJ ultra-
violet ray from an ultraviolet irradiator, to prepare a sample
for rubber hardness measurement, and this sample when mea-
sured for its rubber hardness indicated a rubber hardness of 0.
Separately, the resin composition was poured into a frame of
100 mm in width, 100 mm in length and 0.5 mm in depth, and
the resin composition in a state not covered at an upper part
was irradiated with 2,000 mJ ultraviolet ray from an ultravio-
let irradiator to yield a transparent sheet.

When examined by touch, there did not occur stringing on
the surface.

Example 4

Synthesis of High-Molecular-Weight Crosslinking
Agent

520.80 g of polytetramethylene glycol (molecular weight
850), 1.06 g of diethylene glycol, 275.20 g of unsaturated
fatty acid hydroxyalkyl ester-modified e-caprolactone
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(Plaqueell FA2D, DAICEL CHEMICAL INDUSTRIES,
LTD.), 0.5 g of p-methoxyphenol as a polymerization inhibi-
tor, and 0.3 g of dibutyltin dilaurate as a catalyst were placed
in a reaction container equipped with a condenser, a ther-
mometer, a stirrer, a dropping funnel and an air inlet tube, and
then heated to 70° C. Then, 222 g of isophorone diisocyanate
was uniformly dropped thereto over 2 hours under stirring at
70 to 75° C., to carry out the reaction. When the mixture was
reacted for about 5 hours after completion of dropping and
then measured by IR, the disappearance of the isocyanate was
confirmed, and the reaction was terminated to yield polyure-
thane acrylate having a weight-average molecular weight of
7,000.

(Preparation of Optical Resin Composition to Preparation of
Transparent Sheet)

The copolymer in Example 1 47.00g
2-Ethylhexyl acrylate (AA monomer) 3325g
2-Hydroxyethyl acrylate (HA monomer) 1425¢
The above polyurethane acrylate 5.00g
1-Hydroxy-cyclohexyl-phenyl-ketone (photopolymerization 0.50g

initiator)

The above components were stirred and mixed to prepare
(4) an optical resin composition which was then poured into
a frame of 100 mm in width, 100 mm in length and 0.5 mm in
depth, and the resin composition in a state covered at an upper
part with an ultraviolet transmitting glass was irradiated with
2,000 mJ ultraviolet ray from an ultraviolet irradiator to yield
a transparent sheet. The curing shrinkage of this resin com-
position was 5.4%, and the sheet had a total light transmit-
tance of 92% and a birefringence of 0.4 nm. Then, this sheet
was stuck to a float glass of 2.8 mm in thickness for shield
glass, further stuck to a glass of 0.7 mm in thickness, and
subjected to an impact resistance test in the same manner as in
Example 1. As a result, the shield glass was not broken at 0.5
J but broken at 0.75 J. This sheet maintained transparency
even after a moisture absorption test.

The resin composition was poured into a frame of 40 mm in
width, 40 mm in length and 10 mm in depth, and the resin
composition in a state covered at an upper part with an ultra-
violet transmitting glass was irradiated with 9,000 mJ ultra-
violet ray from an ultraviolet irradiator, to prepare a sample
for rubber hardness measurement, and this sample when mea-
sured for its rubber hardness indicated a rubber hardness of 1.

Example 5

A sheet prepared in the same manner as in Example 1 was
stuck to a float glass of 6.0 mm in thickness for shield glass,
further stuck to a glass of 0.7 mm in thickness, and subjected
to an impact resistance test in the same manner as in Example
1. As a result, the shield glass was not broken at 2.75 J but
broken at 3.0 J.

Example 6

A sheet prepared in the same manner as in Example 1 was
stuck to a float glass of 1.3 mm in thickness for shield glass,
further stuck to a glass of 0.7 mm in thickness, and subjected
to an impact resistance test in the same manner as in Example
1. As a result, the shield glass was not broken at 0.4 J but
broken at 0.5 J.

Example 7

A strip of 0.5 mm in thickness and 5 mm in width was stuck
as a frame to all sides of an AG-treated polarization plate
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stuck to the surface of a liquid crystal display cell of 32 inches
in diagonal length. (1) The same optical resin composition as
in Example 1 was poured into the frame, and then its surface
was covered with a soda glass of 32 inches in diagonal length
and 2.8 mm in thickness on which an antireflective layer had
been formed to prevent the inclusion of bubbles. Then, the
resin was cured by exposure with an integrated exposure of
2,000 mJ ultraviolet ray from a conveyor ultraviolet irradiator
using a metal halide lamp, thereby giving a liquid crystal
display cell having an optical resin material and a transparent
protective substrate (soda glass). This liquid crystal display
cell was set in a body having a backlight unit and a driving
circuit to produce a liquid crystal display. This liquid crystal
display was free of color change resulting from coloring of
the resin material therein and did not show releasing or float-
ing, in the interface, of the optical resin material or the trans-
parent protective substrate. There was no image deterioration
due to ghost image, and upon touching the surface, there was
no image deterioration attributable to sagging of the panel.

Example 8

A sheet prepared in the same manner as in Example 1 was
stuck to the electromagnetic shielding layer side of a substrate
film in an electromagnetic shielding film U (TT42-01) A
manufactured by Hitachi Chemical Co., Ltd. to prepare an
optical filter having electromagnetic shielding property.
When this filter was measured for its impact resistance test in
the following manner, the glass was not broken with an
impact of 0.8 J but broken with an impact of 0.9 J. Breakage
of the resin sheet was not observed.

—Impact Resistance Test—

The resin sheet stuck to the electromagnetic shielding film
was further stuck to a soda glass of 2.8 mm in thickness, and
a steel ball was dropped onto it to evaluate impact resistance.
The impact was increased by 0.1 I increments, and the
strength of impact just before the glass or the resin sheet had
been broken was regarded as impact resistance.

Example 9

A sheet prepared in the same manner as in Example 2 was
stuck to the electromagnetic shielding layer side of a substrate
film in an electromagnetic shielding film U (TT42-01) A
manufactured by Hitachi Chemical Co., Ltd. and subjected to
an impact resistance test in the same manner as in Example 8.
As a result, the glass was not broken with an impact of 0.9 J
but broken with an impact of 1.0 J. Breakage of the resin sheet
was not observed.

Example 10

(1) The optical resin composition in Example 1 was applied
onto a polyester film, then covered with a cover film, and
irradiated with ultraviolet to produce a sheet of 42-inch size.
This sheet was laminated by a roller laminator on a transpar-
ent resin layer of an electromagnetic shielding film U (TT42-
01) A manufactured by Hitachi Chemical Co., Ltd. to prepare
an electromagnetic shielding film with an impact-absorbing
layer. The substrate polyester film side of the electromagnetic
shielding film was further laminated by a roller laminator on
an antireflective film having an infrared shielding function or
a visible light wavelength selection absorption function
(Clearlas NIR-SA, manufactured by SUMITOMO OSAKA
CEMENT Co., Ltd.) to manufacture a directly stuck filter for
plasma display. This directly stuck filter was stuck by a lami-
nator to a plasma display panel via the adhesion of the impact-
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absorbing layer, and when an image was displayed, a display
excellent in contrast without a ghost image was obtained.

Reference Example 1

Preparation of Optical Resin Composition to
Preparation of Transparent Sheet

The copolymer in Example 1 315¢g
2-Ethylhexy! acrylate 2695 ¢
2-Hydroxyethyl acrylate 11.55¢
1,6-Hexanediol diacrylate 30.00g
1-Hydroxy-cyclohexyl-phenyl-ketone 050g

The above components were stirred and mixed to prepare
(5) an optical resin composition which was then poured into
a frame of 100 mm in width, 100 mm in length and 0.5 mm in
depth, and the resin composition in a state covered at an upper
part with an ultraviolet transmitting glass was irradiated with
2,000 mJ ultraviolet ray from an ultraviolet irradiator to yield
a transparent sheet. Then, this sheet was stuck to a float glass
of'2.8 mm in thickness for shield glass, further stuck to a glass
of' 0.7 mm in thickness, and subjected to an impact resistance
test in the same manner as in Example 1. As a result, the shield
glass was broken at 0.25 J. This sheet maintained transpar-
ency even after a moisture absorption test.

The resin composition was poured into a frame of 40 mm in
width, 40 mm in length and 10 mm in depth, and the resin
composition in a state covered at an upper part with an ultra-
violet transmitting glass was irradiated with 9,000 mJ ultra-
violet ray from an ultraviolet irradiator, to prepare a sample
for rubber hardness measurement, and this sample when mea-
sured for its rubber hardness indicated a rubber hardness of
75.

From the results in Reference Example 1, it can be seen that
when the low-molecular-weight crosslinking agent is used
and compounded in a too large amount, the resulting sheet
becomes rigid and tends to decrease impact resistance. That
is, the amount of the low-molecular-region is preferably 10%
by weight or less.

Example 11

Preparation of Optical Resin Composition to
Preparation of Transparent Sheet

(1) The optical resin composition in Example 1 was poured
into a frame of 100 mm in width, 100 mm in length and 1.0
mm in depth, and the resin composition in a state covered at
an upper part with an ultraviolet transmitting glass was irra-
diated with 2,000 mJ ultraviolet ray from an ultraviolet irra-
diator to yield a transparent sheet. Then, this sheet was stuck
to a float glass of 2.8 mm in thickness for shield glass, further
stuck to a glass of 0.7 mm in thickness, and subjected to an
impact resistance test in the same manner as in Example 1. As
aresult, the shield glass was not broken at 0.25 J but broken at
0.4 J. From this result, it is estimated that this sheet is prac-
tically not problematic, but the sheet when compared with
those in the other examples tends to deteriorate impact resis-
tance when the thickness of the transparent sheet is too thick.

Comparative Example 1

When only the glass of 0.7 mm in thickness was examined
for impact resistance in the same manner as in Example 1, the
glass was broken at 0.25 J.
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Example 12

Preparation of Acrylate Derivative Polymer

In a reaction container equipped with a condenser, a ther-
mometer, a stirrer, a dropping funnel and a nitrogen inlet tube,
84.0 g of 2-ethylhexyl acrylate (AA monomer), 36.0 g of
2-hydroxyethyl acrylate (HA monomer) and 150.0 g of
methyl isobutyl ketone were heated as initial monomers from
ordinary temperature to 70° C. over 15 minutes, while the
atmosphere in the reaction container was replaced with nitro-
gen at a gas flow rate of 100 ml/min. To this solution kept at
this temperature was dropped a solution prepared by dissolv-
ing 0.6 g of lauroyl peroxide in 21.0 g of 2-ethylhexyl acrylate
and 9.0 g of 2-hydroxyethyl acrylate as additional monomers
over 60 minutes. After completion of dropping, the mixture
was further reacted for 2 hours. Subsequently, a 2-ethylhexyl
acrylate/2-hydroxyethyl acrylate copolymer (weight-average
molecular weight 0£250,000) was obtained by distilling away
the methyl isobutyl ketone.

(Preparation of Optical Resin Composition to Preparation of
Transparent Sheet)

The above copolymer 4450¢g
2-Ethylhexyl acrylate (AA monomer) 3825¢g
2-Hydroxyethyl acrylate (HA monomer) 16.25¢g
1,6-Hexanediol diacrylate 1.00g
1-Hydroxy-cyclohexyl-phenyl-ketone (photopolymerization 050g

initiator)

The above components were stirred and mixed to prepare
(6) an optical resin composition which was then poured into
a frame of 100 mm in width, 100 mm in length and 0.5 mm in
depth, and the resin composition in a state covered at an upper
part with an ultraviolet transmitting glass was irradiated with
2,000 mJ ultraviolet ray from an ultraviolet irradiator to yield
a transparent sheet. The curing shrinkage of this resin com-
position was 5.5%, and the sheet had a total light transmit-
tance of 92%, a birefringence of 0.5 nm, and a storage elastic
modulus of 1.8x10° at 25° C. Then, this sheet was stuck to a
float glass of 2.8 mm in thickness for shield glass, further
stuck to a glass of 0.7 mm in thickness, and subjected to an
impact resistance test in the same manner as in Example 1. As
a result, the shield glass was not broken at 0.6 J but broken at
0.7517.

The resin composition was poured into a frame of 40 mm in
width, 40 mm in length and 10 mm in depth, and the compo-
sition in a state covered at an upper part with an ultraviolet
transmitting glass was irradiated with 9,000 mJ ultraviolet ray
from an ultraviolet irradiator, to prepare a sample for rubber
hardness measurement, and this sample when measured for
its rubber hardness indicated a rubber hardness of 2.

Example 13

The copolymer in Example 12 4275 ¢g
2-Ethylhexyl acrylate (AA monomer) 36.58 g
2-Hydroxyethyl acrylate (HA monomer) 15.67¢g
1,6-Hexanediol diacrylate 500g
1-Hydroxy-cyclohexyl-phenyl-ketone (photopolymerization 050g

initiator)

The above components were stirred and mixed to prepare
(7) an optical resin composition which was then poured into
a frame of 100 mm in width, 100 mm in length and 0.5 mm in
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depth, and the resin composition in a state covered at an upper
part with an ultraviolet transmitting glass was irradiated with
2,000 mJ ultraviolet ray from an ultraviolet irradiator to yield
atransparent sheet (optical resin material). The curing shrink-
age of this resin composition was 5.7%, and the sheet had a
total light transmittance of 92% and a birefringence of 0.6 nm.
Then, this sheet was stuck to a float glass of 2.8 mm in
thickness for shield glass, further stuck to a glass of 0.7 mm in
thickness, and subjected to an impact resistance test in the
same manner as in Example 1. As aresult, the shield glass was
not broken at 1.0 J but broken at 1.25 J.

The resin composition was poured into a frame of 40 mm in
width, 40 mm in length and 10 mm in depth, and the compo-
sition in a state covered at an upper part with an ultraviolet
transmitting glass was irradiated with 9,000 mJ ultraviolet ray
from an ultraviolet irradiator to prepare a sample for rubber
hardness measurement, and this sample when measured for
its rubber hardness indicated a rubber hardness of 22.

Example 14

The copolymer in Example 12 405¢g
2-Ethylhexyl acrylate (AA monomer) 3465¢g
2-Hydroxyethyl acrylate (HA monomer) 1485¢g
1,6-Hexanediol diacrylate 10.00 g
1-Hydroxy-cyclohexyl-phenyl-ketone (photopolymerization 0.50g

initiator)

The above components were stirred and mixed to prepare
(8) an optical resin composition which was then poured into
a frame of 100 mm in width, 100 mm in length and 0.5 mm in
depth, and the resin composition in a state covered at an upper
part with an ultraviolet transmitting glass was irradiated with
2,000 mJ ultraviolet ray from an ultraviolet irradiator to yield
atransparent sheet (optical resin material). The curing shrink-
age of this resin composition was 6.1% and the total light
transmittance of the sheet was 91%. Then, this sheet was
stuck to a float glass of 2.8 mm in thickness for shield glass,
further stuck to a glass of 0.7 mm in thickness, and subjected
to an impact resistance test in the same manner as in Example
1. As a result, the shield glass was not broken at 0.5 J but
broken at 0.75 J.

The resin composition was poured into a frame of 40 mm in
width, 40 min length and 10 min depth, and the composition
in a state covered at an upper part with an ultraviolet trans-
mitting glass was irradiated with 9,000 mJ ultraviolet ray
from an ultraviolet irradiator to prepare a sample for rubber
hardness measurement, and this sample when measured for
its rubber hardness indicated a rubber hardness of 38.

Example 15

(6) The optical resin composition in Example 12 was
poured into a frame of 100 mm in width, 100 mm in length
and 0.15 mm in depth, and the resin composition in a state
covered at an upper part with an ultraviolet transmitting glass
was irradiated with 2,000 mJ ultraviolet ray from an ultravio-
let irradiator to yield a transparent sheet. Then, this sheet was
stuck to a float glass of 2.8 mm in thickness for shield glass,
further stuck to a glass of 0.7 mm in thickness, and subjected
to an impact resistance test in the same manner as in Example
1. As a result, the shield glass was not broken at 0.75 J but
broken at 1.0 J.

Example 16

A sheet prepared in the same manner as in Example 12 was
stuck to a float glass of 6.0 mm in thickness for shield glass,
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further stuck to a glass of 0.7 mm in thickness, and subjected
to an impact resistance test in the same manner as in Example
1. As a result, the shield glass was not broken at 2.75 J but
broken at 3.0 J.

Example 17

A sheet prepared in the same manner as in Example 12 was
stuck to a float glass of 1.3 mm in thickness for shield glass,
further stuck to a glass of 0.7 mm in thickness, and subjected
to an impact resistance test in the same manner as in Example
1. As a result, the shield glass was not broken at 0.4 J but
broken at 0.5 J.

Example 18

A strip of 0.5 mm in thickness and 5 mm in width was stuck
as a frame to all sides of an AG-treated polarization plate
stuck to the surface of a liquid crystal display cell of 32 inches
in diagonal length. (6) The same optical resin composition as
in Example 12 was poured into the frame, and then its surface
was covered so as not to contain bubbles with a soda glass of
32 inches in diagonal length and 2.8 mm in thickness on
which an antireflective layer had been formed. Then, the resin
was cured by irradiation with an integrated exposure of 2,000
ml] ultraviolet ray from a conveyor ultraviolet irradiator using
a metal halide lamp, thereby giving a liquid crystal display
cell having an optical resin material and a transparent protec-
tive substrate. This liquid crystal display cell was set in a body
having a backlight unit and a driving circuit to produce a
liquid crystal display (image display device).

This liquid crystal display was free of color change result-
ing from coloring of the resin material therein and did not
show releasing or floating, in the interface, of a liquid crystal
display shock absorber or the transparent protective substrate.
There was no image deterioration due to ghost image, and
upon touching the surface, there was no image deterioration
attributable to sagging of the panel.

Example 19

The same transparent sheet as obtained in Example 12 was
obtained. This sheet was transparent even after a moisture
absorption test. Then, this sheet was stuck to an electromag-
netic shielding layer of an electromagnetic shielding film U
(TT42-01) A manufactured by Hitachi Chemical Co., Ltd. to
prepare an optical filter having electromagnetic shielding
property. When this filter was measured in the following
impact resistance test, the glass was not broken with an
impact of 1.1 J but broken with an impact of 1.2 J. Breakage
of the resin sheet was not observed.

—Impact Resistance Test—

In the impact resistance test, the resin sheet stuck to the
electromagnetic shielding film was further stuck to a soda
glass of 2.8 mm in thickness, and a steel ball was dropped
onto it to evaluate impact resistance. The impact was
increased by 0.1 J increments, and the strength of impact just
before the glass or the resin sheet had been broken was
regarded as impact resistance.

Example 20

The copolymer in Example 12 19.75 ¢
2-Ethylhexyl acrylate (AA monomer) 55.50¢g
2-Hydroxyethyl acrylate (HA monomer) 2375¢g
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1,6-Hexanediol diacrylate 1.00g
1-Hydroxy-cyclohexyl-phenyl-ketone (photopolymerization 0.50g

initiator)

A transparent sheet (optical resin material ) was prepared in
the same manner as in Example 12 except that the above
components were used to prepare (9) an optical resin compo-
sition. This sheet was transparent and maintained transpar-
ency even after a moisture absorption test. The curing shrink-
age of this resin composition was 9.6% and the total light
transmittance of the sheet was 92%. Then, this sheet was
stuck to an electromagnetic shielding layer of an electromag-
netic shielding film U (TT42-01) A manufactured by Hitachi
Chemical Co., Ltd. and subjected to an impact resistance test
in the same manner as in Example 19. As a result, the glass
was not broken with an impact of 1.1 J but broken with an
impact of 1.2 J. Breakage of the resin sheet was not observed.

Example 21

The copolymer in Example 12 5450¢g
2-Ethylhexyl acrylate (AA monomer) 31.25g
2-Hydroxyethyl acrylate (HA monomer) 13.25¢g
1,6-Hexanediol diacrylate 1.00g
1-Hydroxy-cyclohexyl-phenyl-ketone (photopolymerization 0.50g

initiator)

A transparent sheet (optical resin material ) was prepared in
the same manner as in Example 12 except that the above
components were used to prepare (10) an optical resin com-
position. This sheet was transparent and maintained transpar-
ency even after a moisture absorption test. The curing shrink-
age of this resin composition was 5.0% and the total light
transmittance of the sheet was 92%. Then, this sheet was
stuck to an electromagnetic shielding layer of an electromag-
netic shielding film U (TT42-01) A manufactured by Hitachi
Chemical Co., Ltd. and subjected to an impact resistance test
in the same manner as in Example 19. As a result, the glass
was not broken with an impact of 1.1 J but broken with an
impact of 1.2 J. Breakage of the resin sheet was not observed.

Example 22
Synthesis of Acrylate Derivative Polymer

A 2-ethylhexyl acrylate/2-hydroxyethyl acrylate copoly-
mer (weight-average molecular weight of 200,000) was
obtained in the same manner as in Example 1 except that
102.0 g of 2-ethylhexyl acrylate (AA monomer) and 18.0 gof
2-hydroxyethyl acrylate (HA monomer) were used as initial
monomers and 25.5 g of 2-ethylhexyl acrylate and 4.5 g of
2-hydroxyethyl acrylate were used as additional monomers.
(Preparation of Optical Resin Composition to Preparation of
Transparent Sheet)

The above copolymer 4450¢g
2-Ethylhexyl acrylate (AA monomer) 46.25 g
2-Hydroxyethyl acrylate (HA monomer) 825 g
1,6-Hexanediol diacrylate 1.00g
1-Hydroxy-cyclohexyl-phenyl-ketone (photopolymerization 050g

initiator)
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A transparent sheet (optical resin material) was prepared in
the same manner as in Example 12 except that the above
components were used to prepare (11) an optical resin com-
position. This sheet was transparent and maintained transpar-
ency even after a moisture absorption test. The curing shrink-
age of this resin composition was 5.4% and the total light
transmittance of the sheet was 92%. Then, this sheet was
stuck to an electromagnetic shielding layer of an electromag-
netic shielding film U (TT42-01) A manufactured by Hitachi
Chemical Co., Ltd. and subjected to an impact resistance test
in the same manner as in Example 19. As a result, the glass
was not broken with an impact of 1.3 J but broken with an
impact of 1.4 J. Breakage of the resin sheet was not observed.

Example 23
Synthesis of Acrylate Derivative Polymer

A 2-ethylhexyl acrylate/2-hydroxyethyl acrylate copoly-
mer (weight-average molecular weight of 350,000) was
obtained in the same manner as in Example 1 except that 60.0
g of 2-ethylhexyl acrylate (AA monomer) and 60.0 g of
2-hydroxyethyl acrylate (HA monomer) were used as initial
monomers and 15.0 g of 2-ethylhexyl acrylate and 15.0 g of
2-hydroxyethyl acrylate were used as additional monomers.
(Preparation of Optical Resin Composition to Preparation of
Transparent Sheet)

The above copolymer 4450¢g
2-Ethylhexyl acrylate (AA monomer) 2725¢g
2-Hydroxyethyl acrylate (HA monomer) 2725¢g
1,6-Hexanediol diacrylate 1.00g
1-Hydroxy-cyclohexyl-phenyl-ketone (photopolymerization 050g

initiator)

A transparent sheet (optical resin material) was prepared in
the same manner as in Example 12 except that the above
components were used to prepare an optical resin composi-
tion (12). This sheet was transparent and maintained trans-
parency even after a moisture absorption test. Then, this sheet
was stuck to an electromagnetic shielding layer of an electro-
magnetic shielding film U (TT42-01) A manufactured by
Hitachi Chemical Co., Ltd. and subjected to an impact resis-
tance test in the same manner as in Example 19. As a result,
the glass was not broken with an impact of 1.1 J but broken
with an impact of 1.2 J. Breakage of the resin sheet was not
observed.

Example 24

A transparent sheet (optical resin material) was prepared in
the same manner as in Example 12 except that an optical resin
composition (6)' using bis(2,4,6-trimethyl benzoyl)-phe-
nylphosphine oxide was used as the photopolymerization
initiator in place of 1-hydroxy-cyclohexyl-phenyl-ketone, a
frame of 100 mm in width, 100 mm in length and 3.0 mm in
depth was used, and the exposure amount of ultraviolet ray
was 4,500 mJ. This sheet was transparent and maintained
transparency even after a moisture absorption test. Then, this
sheet was stuck to an electromagnetic shielding layer of an
electromagnetic shielding film U (TT42-01) A manufactured
by Hitachi Chemical Co., Ltd. and subjected to an impact
resistance test in the same manner as in Example 19. As a
result, the glass was not broken even with an impact of 2.0 J.
Breakage of the resin sheet was not observed.

Example 25

A transparent sheet (optical resin material) was prepared in
the same manner as in Example 12 except that (6)" an optical
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resin composition using 2.00 g of oligo(2-hydroxy-2-methyl-
1-(4-(1-methylvinyl)phenyl)propanone was used as the pho-
topolymerization initiator in place of 1-hydroxy-cyclohexyl-
phenyl-ketone, and the exposure amount of ultraviolet ray
was 2,500 mJ. This sheet was transparent and maintained
transparency even after a moisture absorption test. Particu-
larly, the odor of this sheet was reduced. Then, this sheet was
stuck to an electromagnetic shielding layer of an electromag-
netic shielding film U (TT42-01) A manufactured by Hitachi
Chemical Co., Ltd. and subjected to an impact resistance test
in the same manner as in Example 19. As a result, the glass
was not broken with an impact of 1.1 J but broken with an
impact of 1.2 J. Breakage of the resin sheet was not observed.

Example 26

A transparent sheet (optical resin material ) was prepared in
the same manner as in Example 12 except that a frame of 100
mm in width, 100 mm in length and 1.5 mm in depth was used
and the exposure amount of ultraviolet ray was 3,500 mJ. This
sheet was transparent and maintained transparency even after
a moisture absorption test. Then, this sheet was stuck to an
electromagnetic shielding layer of an electromagnetic shield-
ing film U (TT42-01) A manufactured by Hitachi Chemical
Co., Ltd. and subjected to an impact resistance test in the
same manner as in Example 19. As a result, the glass was not
broken even with an impact of 2.0 J. Breakage of the resin
sheet was not observed.

Example 27

A transparent sheet (optical resin material ) was prepared in
the same manner as in Example 12 except that a frame of 100
mm in width, 100 mm in length and 2.0 mm in depth was used
and the exposure amount of ultraviolet ray was 4,000 mJ. This
sheet was transparent and maintained transparency even after
a moisture absorption test. Then, this sheet was stuck to an
electromagnetic shielding layer of an electromagnetic shield-
ing film U (TT42-01) A manufactured by Hitachi Chemical
Co., Ltd. and subjected to an impact resistance test in the
same manner as in Example 19. As a result, the glass was not
broken even with an impact of 2.0 J. Breakage of the resin
sheet was not observed.

Example 28
The copolymer in Example 12 40.20¢g
2-Ethylhexyl acrylate (AA monomer) 44.10g
2-Hydroxyethyl acrylate (HA monomer) 1470 g
1,6-Hexanediol diacrylate 1.00g
1-Hydroxy-cyclohexyl-phenyl-ketone (photopolymerization 0.50g

initiator)

A transparent sheet (optical resin material ) was prepared in
the same manner as in Example 12 except that the above
components were used to prepare (13) an optical resin com-
position. This sheet was transparent and maintained transpar-
ency even after a moisture absorption test. Then, this sheet
was stuck to an electromagnetic shielding layer of an electro-
magnetic shielding film U (TT42-01) A manufactured by
Hitachi Chemical Co., Ltd. and subjected to an impact resis-
tance test in the same manner as in Example 19. As a result,
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the glass was not broken with an impact of 1.1 J but broken
with an impact of 1.2 J. Breakage of the resin sheet was not
observed.

Reference Example 2

The copolymer in Example 12 4450 ¢g
2-Fthylhexy! acrylate 5450 g
2-Hydroxyethyl acrylate 1325¢g
1,6-Hexanediol diacrylate 1.00g
1-Hydroxy-cyclohexyl-phenyl-ketone 050 g

A sheet was prepared in the same manner as in Example 12
except that the above components were used to prepare (14)
an optical resin composition. The resulting sheet had been
clouded.

Reference Example 3

The copolymer in Example 12 4450 ¢g
2-Fthylhexy! acrylate 5450 g
1,6-Hexanediol diacrylate 1.00g
1-Hydroxy-cyclohexyl-phenyl-ketone 050 g

A sheet was prepared in the same manner as in Example 12
except that the above components were used to prepare (15)
an optical resin composition. The resulting sheet had been
clouded.

From the results in Reference Examples 2 and 3, it can be
seen that the transparency of the sheet just after production is
decreased as the difference in numerical value between P and
M in the formula (I) increases.

Reference Example 4

A copolymer (weight-average molecular weight of 220,
000) was obtained in the same manner as in Example 12
except that 108.0 g of 2-ethylhexyl acrylate and 12.0 g of
2-hydroxyethyl acrylate were used as initial monomers and
27.0 g of 2-ethylhexyl acrylate and 3.0 g of 2-hydroxyethyl
acrylate were used as additional monomers.

The copolymer above 49.50 g
2-Ethylhexyl acrylate 4450 g
2-Hydroxyethyl acrylate 5.00¢g
1,6-Hexanediol diacrylate 1.00 g
1-Hydroxy-cyclohexyl-phenyl-ketone 0.50 g

A sheet was prepared in the same manner as in Example 12
except that the above components were used to prepare (16)
an optical resin composition. The resulting sheet was trans-
parent but became clouded after a moisture absorption test.

Reference Example 5
Preparation of Acrylate Derivative Polymer

A copolymer was obtained in the same manner as in
Example 12 except that 12.0 g of 2-ethylhexyl acrylate (AA
monomer) and 108.0 g of 2-hydroxyethyl acrylate (HA
monomer) were used as initial monomers and 3.0 g of 2-eth-
ylhexyl acrylate and 27.0 g of 2-hydroxyethyl acrylate were
used as additional monomers.
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(Preparation of Optical Resin Composition to Preparation of
Transparent Sheet)

The copolymer above 49.50 g
2-Fthylhexy! acrylate 5.00¢g
2-Hydroxyethyl acrylate 4450 g
1,6-Hexanediol diacrylate 1.00 g
1-Hydroxy-cyclohexyl-phenyl-ketone 0.50 g

A sheet was prepared in the same manner as in Example 12
except that the above components were used to prepare (17)
an optical resin composition. The resulting sheet was trans-
parent, but after a moisture absorption test, its outside dimen-
sion was increased by 5% or more to generate swelling in the
periphery thereof.

From the results in Reference Examples 4 and 5, it is
estimated that when the balance between AA monomer and
HA monomer is bad, the product may become clouded or
undergo a significant dimensional change. However, even in
such case, it is considered that there is no problem as long as
the product is used in a hermetically sealed site where it
hardly absorbs moisture.

Comparative Example 2

Preparation of Optical Resin Composition to
Preparation of Transparent Sheet

2-Ethylhexy! acrylate 84.15g
2-Hydroxyethyl acrylate 1485¢g
1,6-Hexanediol diacrylate 1.00g
1-Hydroxy-cyclohexyl-phenyl-ketone 050g

A sheet was prepared in the same manner as in Example 12
except that the above components were used to prepare an
optical resin composition (18). This sheet was transparent and
maintained transparency even after a moisture absorption
test. Then, this sheet was stuck to an electromagnetic shield-
ing layer of an electromagnetic shielding film U (TT42-01) A
manufactured by Hitachi Chemical Co., Ltd. and subjected to
an impact resistance test in the same manner as in Example
19. As a result, the resin sheet was broken with an impact of
0.517.

Comparative Example 3

An electromagnetic shielding film U (1TT42-01) A was
stuck directly on glass such that its electromagnetic shielding
layer was contacted with the glass, and then examined for its
impact resistance in the same manner as in Example 19. As a
result, the glass was broken with an impact of 0.5 J.

Example 29

The copolymer in Example 12 10.00 g
2-Ethylhexy! acrylate 62.30g
2-Hydroxyethyl acrylate 26.70 g
1,6-Hexanediol diacrylate 1.00g
1-Hydroxy-cyclohexyl-phenyl-ketone 050g

A sheet was prepared in the same manner as in Example 12
except that the above components were used to prepare an
optical resin composition (19). The resulting sheet was trans-
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parent and maintained transparency even after a moisture
absorption test. Then, this sheet was stuck to an electromag-
netic shielding layer of an electromagnetic shielding film U
(TT42-01) A manufactured by Hitachi Chemical Co., Ltd.
and subjected to an impact resistance test in the same manner
asinExample 19. As aresult, the glass was not broken with an
impact of 0.7 J but broken with an impact of 0.8 I.

Example 30

A transparent sheet was obtained in the same manner as in
Example 1 except that 0.40 g of lauryl peroxide was used in
place of 0.50 g of 1-hydroxy-cyclohexyl-phenyl-ketone in
Example 1 to prepare (1) an optical resin composition” and
also that heating for 3 hours in a fan oven at 70° C. was
conducted in place of irradiation with ultraviolet ray ((1)' the
optical resin composition was poured into a frame and heated
in a state covered at an upper part with an ultraviolet trans-
mitting glass). This sheet showed high impact resistance
similar to that of the sheet in Example 1, and did not show
white turbidity upon moisture absorption.

Example 31

A transparent sheet was obtained in the same manner as in
Example 3 except that 0.10 g of t-hexylperoxy pivalate was
further added to the resin composition in Example 3 to pre-
pare (3)' an optical resin composition and the sheet was irra-
diated with ultraviolet ray and then further heated at 70° C. for
1 hour in a nitrogen oven (the optical resin composition was
poured into a frame and heated in a state covered at an upper
part with an ultraviolet transmitting glass). This transparent
sheet did not show deterioration in characteristics by addition
of the thermopolymerization initiator or by heating, and
showed high impact resistance and transparency upon mois-
ture absorption, similar to those of the transparent sheet in
Example 3.

Example 32

A transparent sheet was obtained in the same manner as in
Example 4 except that 0.20 g of 2,2'-azobisisobutyronitrile
was used in place 0f 0.50 g of 1-hydroxy-cyclohexyl-phenyl-
ketone in Example 4 to prepare (4)' an optical resin compo-
sition, and also that heating for 3 hours in a fan oven at 70° C.
was conducted in place of irradiation with ultraviolet ray (the
optical resin composition was poured into a frame and heated
in a state covered at an upper part with an ultraviolet trans-
mitting glass). This transparent sheet showed high impact
resistance similar to that of the transparent sheet in Example
1, and did not show white turbidity upon moisture absorption.

Example 33

A transparent sheet was obtained in the same manner as in
Example 4 except that 0.05 g of 2,2'-azobis(2,4-dimeth-
ylvaleronitrile) was further added to the optical resin compo-
sition in Example 4 to prepare (4)" an optical resin composi-
tion and the sheet was irradiated with 300 mJ ultraviolet ray
and then further heated at 70° C. for 1 hour in a nitrogen oven
(the optical resin composition was poured into a frame and
heated in a state covered at an upper part with an ultraviolet
transmitting glass). This transparent sheet did not show dete-
rioration in characteristics by addition of the thermopolymer-
ization initiator or by heating, and showed high impact resis-
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tance and transparency upon moisture absorption, similar to
those of the transparent sheet in Example 4.

Example 34

A frame was prepared in the same manner as in Example 7,
(3)' the same optical resin composition as in Example 31 was
poured into the frame and then covered with the same glass as
in Example 7. Then, the sample was heated at 70° C. for 1
hour with a fan oven, thereby curing the resin to produce a
liquid crystal display cell having an optical resin material and
a transparent protective substrate. This liquid crystal display
cell was set in a body having a backlight unit or a driving
circuit to produce a liquid crystal display (image display
device). This liquid crystal display was free of color change
resulting from coloring of the resin material therein and did
not show releasing or floating, in the interface, of the optical
resin material or the transparent protective substrate, simi-
larly to Example 7. There was no image deterioration due to
ghost image, and upon touching the surface, there was no
deterioration in image quality by sagging of the panel.

Example 35

A frame was prepared in the same manner as in Example 7,
(1) the same optical resin composition as in Example 30 was
poured into the frame and then covered without bubbles on
the surface with an acrylic plate of 3 mm in thickness. Then,
the sample was heated at 70° C. for 1 hour with a fan oven,
thereby curing the resin to produce a liquid crystal display cell
having an optical resin material and a transparent protective
substrate. This liquid crystal display cell was set in a body
having a backlight unit or a driving circuit to produce a liquid
crystal display (image display device). This liquid crystal
display was free of color change resulting from coloring of
the resin material therein and did not show releasing or float-
ing, in the interface, of the optical resin material or the trans-
parent protective substrate, similarly to Examples 1 or 7.
There was no image deterioration due to ghost image, and
upon touching the surface, there was no deterioration in
image quality by sagging of the panel.

Example 36

A sheet prepared in the same manner as in Example 30 was
stuck to the electromagnetic shielding layer side of a substrate
film in an electromagnetic shielding film U (TT42-01) A
manufactured by Hitachi Chemical Co., Ltd. to prepare an
optical filter having electromagnetic shielding property.
When this filter was subjected to an impact resistance test, the
glass was not broken with an impact of 0.8 J but broken with
an impact of 0.9 J, similarly to Example 8. Breakage of the
resin sheet was not observed.

Example 37

The resin composition in Example 33 was applied onto a
polyester film, then covered with a cover film, irradiated with
300 mJ ultraviolet ray thereby eliminating the fluidity of the
resin, and cured for 1 hour in a hardening furnace at 70° C. to
produce a sheet of 42-inch size. This sheet was stuck by a
roller laminator on a transparent resin layer of an electromag-
netic shielding film U (TT42-01) A manufactured by Hitachi
Chemical Co., Ltd. to produce an electromagnetic shielding
film with an impact-absorbing layer. The substrate polyester
film side of the electromagnetic shielding film was further
stuck by a roller laminator on an antireflective film having an
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infrared shielding function or a visible light wavelength
selection absorption function (Clearlas NIR-SA, manufac-
tured by SUMITOMO OSAKA CEMENT Co., Ltd.) to
manufacture a directly stuck filter for plasma display (optical
filter). This directly stuck filter was stuck by a laminator to a
plasma display panel via the adhesion of the impact-absorb-
ing layer, and when an image was displayed, a display excel-
lent in contrast without a ghost image was obtained similarly
to Example 10.

Example 38

The copolymer in Example 1 2488 g
2-Ethylhexyl acrylate (AA monomer) 28.65¢g
2-Hydroxyethyl acrylate (HA monomer) 11.14 ¢
Polyurethane acrylate in Example 1 3483 g
1-Hydroxy-cyclohexyl-phenyl-ketone (photopolymerization 050g

initiator)

The above components were stirred and mixed to prepare
(20) an optical resin composition which was then poured into
a frame of 100 mm in width, 100 mm in length and 0.5 mm in
depth, and the resin composition in a state covered at an upper
part with an ultraviolet transmitting glass was irradiated with
2,000 mJ ultraviolet ray from an ultraviolet irradiator to yield
a transparent sheet. Then, this sheet was stuck to a float glass
of'2.8 mm in thickness for shield glass, further stuck to a glass
of' 0.7 mm in thickness, and subjected to an impact resistance
test in the same manner as in Example 1. As a result, the shield
glass was not broken at 0.6 J but broken at 0.75 J. This sheet
maintained transparency even after a moisture absorption
test.

Example 39

The copolymer in Example 1 2488 g
2-Ethylhexyl acrylate (AA monomer) 2586 g
2-Hydroxyethyl acrylate (HA monomer) 1393 ¢
Polyurethane acrylate in Example 1 3483 g
1-Hydroxy-cyclohexyl-phenyl-ketone (photopolymerization 050g

initiator)

The above components were stirred and mixed to prepare
(21) an optical resin composition which was then poured into
a frame of 100 mm in width, 100 mm in length and 0.5 mm in
depth, and the resin composition in a state covered at an upper
part with an ultraviolet transmitting glass was irradiated with
2,000 mJ ultraviolet ray from an ultraviolet irradiator to yield
a transparent sheet. Then, this sheet was stuck to a float glass
of'2.8 mm in thickness for shield glass, further stuck to a glass
of' 0.7 mm in thickness, and subjected to an impact resistance
test in the same manner as in Example 1. As a result, the shield
glass was not broken at 0.6 J but broken at 0.75 J. This sheet
maintained transparency even after a moisture absorption
test.

Example 40

The copolymer in Example 1
2-Ethylhexyl acrylate (AA monomer)
2-Hydroxyethyl acrylate (HA monomer)

2488 g
31.04¢g
875¢g
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-continued
Polyurethane acrylate in Example 1 3483g
1-Hydroxy-cyclohexyl-phenyl-ketone (photopolymerization 0.50g

initiator)

The above components were stirred and mixed to prepare
(22) an optical resin composition which was then poured into
a frame of 100 mm in width, 100 mm in length and 0.5 mm in
depth, and the resin composition in a state covered at an upper
part with an ultraviolet transmitting glass was irradiated with
2,000 mJ ultraviolet ray from an ultraviolet irradiator to yield
a transparent sheet. Then, this sheet was stuck to a float glass
of'2.8 mm in thickness for shield glass, further stuck to a glass
of' 0.7 mm in thickness, and subjected to an impact resistance
test in the same manner as in Example 1. As a result, the shield
glass was not broken at 0.6 J but broken at 0.75 J. This sheet
was observed to be turbid just after production, but became
transparent after a moisture absorption test.

Example 41

The copolymer in Example 1 2488 g
2-Ethylhexyl acrylate (AA monomer) 3455g
2-Hydroxyethyl acrylate (HA monomer) 524¢g
Polyurethane acrylate in Example 1 3483g
1-Hydroxy-cyclohexyl-phenyl-ketone (photopolymerization 0.50g

initiator)

The above components were stirred and mixed to prepare
(23) an optical resin composition which was then poured into
a frame of 100 mm in width, 100 mm in length and 0.5 mm in
depth, and the resin composition in a state covered at an upper
part with an ultraviolet transmitting glass was irradiated with
2,000 mJ ultraviolet ray from an ultraviolet irradiator to yield
a transparent sheet. Then, this sheet was stuck to a float glass
of'2.8 mm in thickness for shield glass, further stuck to a glass
of' 0.7 mm in thickness, and subjected to an impact resistance
test in the same manner as in Example 1. As a result, the shield
glass was not broken at 0.6 J but broken at 0.75 J. This sheet
was slightly turbid just after production and maintained tur-
bidity after a moisture absorption test.

From the results in Examples 40 and 41, it can be seen that
as the difference in numerical value between P and M in the
formula (I) is increased, the transparency of the sheet just
after production is decreased. However, the degree of turbid-
ity was lower compared from the case of the high-molecular-
weight crosslinking agent than the low-molecular-weight,
and thus the high-molecular-weight crosslinking agent may
be used depending on its grade or the thickness of a sheet.

Example 42

(1) The optical resin composition in Example 1 was poured
into a frame of 100 mm in width, 100 mm in length and 0.15
mm in depth, and the resin composition in a state covered at
an upper part with an ultraviolet transmitting glass was irra-
diated with 2,000 mJ ultraviolet ray from an ultraviolet irra-
diator to yield a transparent sheet. Then, this sheet was stuck
to a float glass of 2.8 mm in thickness for shield glass, further
stuck to a glass of 0.7 mm in thickness, and subjected to an
impact resistance test in the same manner as in Example 1. As
a result, the shield glass was neither broken at 0.75 J nor
broken even at 1.0 J.
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The test methods in the Examples, Comparative Examples
and Reference Examples are shown below. The results in
these tests are shown in Tables 1 to 6.

In Tables 1 to 6, *1 to *4 are the following treatments

44
(Curing Shrinkage)
From the density of a ultraviolet curable liquid measured
with a picnometer and the density of its ultraviolet cured
product measured with an electronic density meter SD-200L

conducted before the impact resistance test in the Examples ~ (manufactured by ALFAMIRAGE Co., LTd.), curing shrink-
and Comparative Examples, respectively. age was calculated using the following equation.
1: A sheet was stuck to a float glass of 2.8 mm in thlckne.ss Curing shrinksge(density of ultraviolet cured prod-
for shield glass and further stuck to a glass of 0.7 mm in uct-demsity of ultraviolet curable liquid)/density
thickness, followed by being subjected to the impact resis- 10 of ultraviolet cured productx100
tance test. (Birefringence)

*2: A sheet was stuck to a float glass of 6.0 mm in thickness A ultraviolet cured product was cut in a size of 40x40 mm
for shield glass and further stuck to a glass of 0.7 mm in and measured for its phase contrast with Ellipsometer AEP-
thickness, followed by being subjected to the impact resis- 100 (manufactured by Shimadzu Corporation), and the mea-
tance test. 13 sured phase contrast was indicated as birefringence.

s (Moisture Absorption Test)
*3: A sheet was stuck to a float glass of 1.3 mm in thickness - - . .
for shield al d furth, « ) £07 ) In the moisture absorption test, a resin sheet was placed in
or shield glass an rt er stuc. to a glass or ./ mm 1n a high temperature/high humidity chamber at 60° C. and 90%
thickness, followed by being subjected to the impact resis- RH for 50 hours and the evaluation method was by visual
tance test. 20 observation. After the test, its total light transmittance was

*4: A sheet was stuck to the electromagnetic shielding measured.
layer side of a substrate film in the electromagnetic shielding (Transparency)
film to prepare an optical filter having electromagnetic shield- A prepared sheet was evaluated for its transparency under
ing property, followed by being subjected to the impact resis- __ the following evaluation criteria visually.
tance test. » ZEgaluatlgn gmina—l 1 .

. . : Recognized to be colorless and transparent.
(Measurement of Weight-Average Molecular Weight) B: Slightly turbid, but at a level practically unproblematic

Weight-average molecular weight was measured by gel depending on grade or the thickness of the sheet.
permeation chromatography with THF as solvent and deter- C: Apparently turbid and at an unusable level.
mined using a calibration curve of standard polystyrenes. 30 (Elastic Modulus)

(Measurement of Rubber Hardness) .A ultraviolet cure.:d product was cut in a size of 3 mm in
o ) width and 20 mm in length and measured by a stretching
) A.sample of 40 mm in width, 40 mm n length and 10 mm method ata measuring frequency of 1 Hz with RSA-IIT manu-
in width was used and measured for its rubber hardness with factured by TA Instruments.
a spring-type hardness meter (WR-104A) manufactured by 33 (Total Light Transmittance)
Nishi Tokyo Seiki Co., Ltd. The measurement was carried out Total light transmittance was measured with a color differ-
at 5 positions, and an average value at the 5 positions was ence/turbidity measuring instrument COH-300A (manufac-
indicated as rubber hardness. tured by Nippon Denshoku Industries Co., Ltd.).
TABLE 1
Example 1 Example 2 Example 3 Example4 Example5 Example 6 Example 7 Example 8 Example 9
Resin (A) Acrylate 39.79¢g 4554 ¢ 3920 g 4750¢g 39.79¢g 39.79g 39.79¢g 39.79¢g 4554 g
Composition derivative
AA monomer 2785 ¢g 31.88 g 2744 ¢ 3325¢g 2785 ¢g 2785¢g 2785 ¢g 2785 ¢g 31.88¢g
HA monomer 1194 ¢ 13.66 g 11.76 g 1425 g 1194 ¢ 11.94¢g 1194 ¢ 1194 ¢ 13.66 g
(B) High- 3483g  1386g  3430g 5.00g  3483g  3483g 3483 g 3483g 1386g
molecular-weight
crosslinking agent
(B) Low- — — — — — — — — —
molecular-weight
crosslinking agent
(C) Acrylate 2488g  39.60g 2450g  47.00g  2488g  2488g 2488 g 2488g  39.60¢g
derivative polymer
AA monomer 1050 g 1050 g 1050 g 105.0g 1050 g 105.0g 1050 g 1050 ¢g 1050 g
HA monomer 450¢g 450¢g 450¢g 450¢g 450¢g 450¢g 450¢g 450¢g 450¢g
(D) Photo- 0.50g 1.00g 200g 0.50g 0.50g 0.50g 0.50g 0.50g 1.00g
polymerization
initiator
(D) Thermopoly- — — — — — — — — —
merization initiator
P (% by weight) 30 30 30 30 30 30 30 30 30
M (% by weight) 30 30 30 30 30 30 30 30 30
P-M 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Resin composition (1) ) 3) 4 (€8] [¢8)] (€8] (€8] 2)
Sheet Film thickness 0.5 mm 0.5 mm 0.5 mm 0.5 mm 0.5 mm 0.5mm — 0.5 mm 0.5 mm
Evaluation  Impact resistance 0.67 *1 0.57 *1 0.57 *1 0.57 *1 2.757%2 047*3 0.87 *4 0.97 *4
Rubber hardness 2 0 0 1 — — — —
Transparency just A A A A — — — —
after production
Transparency A A A A — — — —
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TABLE 1-continued

Example 1 Example 2 Example 3 Example4 Example5 Example 6 Example 7

Example 8 Example 9

after moisture
absorption test

Device Film thickness — — — — — — 0.5 mm — —
Evaluation There was no
color change,
and there did
not occur
release etc.
in an interface
with the
transparent
protective
substrate. A
ghost image
did not occur,
and deterioration
in image
quality was
not observed
either. (Visibility
was not
lowered.)
TABLE 2
Reference Example Comparative Example Example Example
Example 10 Example 1 11 Example 1 12 13 14
Resin (A) Acrylate derivative 39.79¢g 3850 g 39.79¢g — 5450 g 5225¢g 49.50¢g
Composition AA monomer 2785 ¢g 2695 g 2785 ¢g 3825¢g 36.58¢g 34.65¢g
HA monomer 1194 ¢ 11.55 g 1194 ¢ 1625 g 15.67 g 1485 ¢
(B) High-molecular-weight 3483 g — 3483 g — — —
crosslinking agent
(B) Low-molecular-weight — 30.00 g — 1.00g 5.00¢g 10.00 g
crosslinking agent
(C) Acrylate derivative polymer 24.88 g 31.50 g 2488 g 4450¢g 4275 g 4050 g
AA monomer 1050 g 1050 g 1050 g 1050 ¢g 1050 g 1050 ¢g
HA monomer 450¢g 450¢g 450 g 450¢g 450¢g 450¢g
(D) Photopolymerization initiator 0.50 g 0.50 g 050g 050g 050 g 050g
(D) Thermopolymerization initiator — — — — — —
P (% by weight) 30 30 30 30 30 30
M (% by weight) 30 30 30 30 30 30
P-M 0.0 0.0 0.0 0.2 0.0 0.0
Resin composition (€8] (5) [¢8)] (6) (7) (®)
Sheet Film thickness — 0.5 mm 1.0 mm 0 mm 0.5 mm 0.5 mm 0.5 mm
Evaluation  Impact resistance <0.257*1 0.257*1  <0.257*1 0.67 *1 1.017 * 0.57 *1
Rubber hardness 75 — — 2 22 38
Transparency just after production A — — A A A
Transparency after moisture A — — A A A
absorption test
Device Film thickness 0.5 mm — — — — — —
Evaluation Display excellent in
contrast without ghost
image was obtained.
(Visibility was
improved.)
TABLE 3
Example Example Example Example Example Example Example Example Example
15 16 17 18 19 20 21 22 23
Resin (A) Acrylate derivative 54.50 g 54.50 g 5450 g 54.50 g 5450 g 79.25¢g 4450 ¢g 5450¢g 5450 g
Composition AA monomer 3825¢g 3825¢g 3825¢g 3825¢g 3825¢g 5550 ¢g 3125 ¢ 4625 g 2725 ¢g
HA monomer 16.25¢g 16.25 g 1625 g 16.25 g 1625 g 2375 ¢g 1325 ¢ 825¢g 2725 ¢g
(B) High- — — — — — — — — —
molecular-weight
crosslinking agent
(B) Low- 1.00g 1.00g 1.00g 1.00g 1.00g 1.00g 1.00g 1.00g 1.00g
molecular-weight
crosslinking agent
(C) Acrylate 4450¢g 4450 g 4450 g 4450 g 4450 g 1975 g 5450 ¢g 4450 g 4450 g

derivative polymer
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TABLE 3-continued
Example Example Example Example Example Example Example Example Example
15 16 17 18 19 20 21 22 23
AA monomer 105.0g 1050 g 1050 g 1050 g 1050 g 1050 g 1050 g 1275¢g 750¢g
HA monomer 450¢g 450¢g 450 g 450¢g 450¢g 450¢g 450¢g 225¢g 750¢g
(D) Photopoly- 0.50g 0.50 g 050g 0.50 g 050 g 050 g 050 g 050 g 050 g
merization initiator
(D) Thermopoly- — — — — — — — — —
merization initiator
P (% by weight) 30 30 30 30 30 30 30 15 50
M (% by weight) 30 30 30 30 30 30 30 15 50
P-M 0.2 0.2 0.2 0.2 0.2 0.0 0.2 -0.1 0.0
Resin composition 6) (6) 6) (6) (6) ) (10) (11 (12)
Sheet Film thickness 0.15 mm 0.5 mm 0.5mm — 0.5 mm 0.5 mm 0.5 mm 0.5 mm 0.5 mm
Evaluation  Impact resistance 0.757*1  2.757*2  0.47*3 1.17 *4 1.17*4 1.17 *4 1.37*4 1.17 *4
Rubber hardness — — — — — — — —
Transparency just — — — — A A A A
after production
Transparency — — — — A A A A
after moisture
absorption test
Device Film thickness — — — 0.5 mm — — — — —
Evaluation There was
no color
change,
and there did
not occur
release etc. in
an interface
with the
transparent
protective
substrate.
A ghost
image did
not occur, and
deterioration
in image
quality was
not observed
either.
(Visibility was
not lowered.)
TABLE 4
Example Example Example Example Example Refernce Reference Reference Reference
24 25 26 27 28 Example 2 Example 2 Example 3 Example 4
Resin (A) Acrylate derivative 5450 g 5450 g 5450 g 5450 g 58.80 g 6775 g 5450 g 4950 g 4950 g
Composition AA monomer 3825¢g 3825¢g 3825¢g 3825¢g 4410 g 5450 g 5450 g 450 ¢g 500g
HA monomer 1625 g 1625 ¢ 1625 g 1625 ¢ 1470 g 1325 ¢ 0.00g 5.00g 4450 g
(B) High-molecular-weight — — — — — — — — —
crosslinking agent
(B) Low-molecular-weight 1.00g 1.00 g 1.00g 1.00 g 1.00g 1.00 g 1.00g 1.00 g 1.00g
crosslinking agent
(C) Acrylate derivative 4450¢g 4450 g 4450 ¢g 4450 g 4020 g 4450 g 4450 ¢g 4950 g 4950 g
polymer
AA monomer 1050 ¢g 1050 g 1050 g 1050 g 1050 g 1050 g 1050 g 1350 g 150¢g
HA monomer 450¢g 450¢g 450¢g 450¢g 450¢g 450¢g 450¢g 150g 1350 g
(D) Photopolymerization 050g 2.00¢g 050 g 050 g 050 g 050 g 050 g 050 g 050 g
initiator
(D) Thermopolymerization — — — — — — — — —
initiator
P (% by weight) 30 30 30 30 30 30 30 10 90
M (% by weight) 30 30 30 30 25 20 0 10 90
- 0.2 0.2 0.2 0.2 5.0 10.4 30.0 -0.1 0.1
Resin composition (6)' (6)" (6) (6) (13) (14) (15) (16) 17)
Sheet Film thickness 0.5 mm 0.5 mm 1.5 mm 2.0 mm 0.5 mm 0.5 mm 0.5 mm 0.5 mm 0.5 mm
Evaluation  Impact resistance 2.0 *4 1.17*4 2.0 *4 2.0] *4 1.17 *4 =0.5T7*4  =057*4 =057*4 =057 *4
Rubber hardness — — — — — — — — —
Transparency just A A A A A C C A A
after production
Transparency A A A A A C C C A

after moisture
absorption test
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TABLE 4-continued
Example Example Example Example Example Refernce Reference Reference Reference
24 25 26 27 28 Example 2 Example 2 Example 3 Example 4
Device Film thickness — — — — — — — — —
Evaluation
TABLE 5
Compar-  Compar-
ative ative Example Example FExample Example Example Example Example Example
Example 2 Example 3 29 30 31 32 33 34 35 36
Resin (A) Acrylate 99.00 g — 89.00 g 39.79¢g 3920 g 4750 ¢g 4750 ¢g 3920 g 39.79g 39.79¢g
Compo- derivative
sition AA monomer 84.15¢g 6230 g 2785 ¢g 2744 ¢ 3325¢g 33.25¢g 2744 ¢ 2785¢g 2785 ¢g
HA monomer 1485 ¢ 2670 g 1194 ¢ 11.76 g 1425 ¢ 1425 ¢ 11.76 g 1194 g 1194 ¢
(B) High- — — 3483 g 3430¢g 5.00g 5.00g 3430¢g 3483 g 3483 g
molecular-weight
crosslinking agent
(B) Low- 1.00 g 1.00 g — — — — — — —
molecular-weight
crosslinking agent
(C) Acrylate — 10.00 g 2488 g 2450¢g 4700 g 47.00 g 2450¢g 2488 g 2488 g
derivative polymer
AA monomer 1050 g 1050 g 1050 g 1050 g 1050 g 1050 g 1050 g 1050 g
HA monomer 450¢g 450¢g 450¢g 450¢g 450¢g 450¢g 450¢g 450¢g
(D) Photopoly- 050 g 050 g — 2.00¢g — 050 g 200g — —
merization initiator
(D) Thermopoly- — — 040 g 0.10g 020g 0.05g 0.10g 040 g 040 g
merization initiator
P (% by weight) — 30 30 30 30 30 30 30 30
M (% by weight) 30 30 30 30 30 30 30 30
- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Resin composition  (18) (19) (1) 3) 4) 4)" 3) (1 (1)
Sheet Film thickness 0.5 mm 0 mm 0.5 mm 0.5 mm 0.5 mm 0.5 mm 05mm — — 0.5 mm
Evalu-  Impact resistance <0.5]*4 <0.5J*4 0.71*4 0.6] *1 0.57*1 0.6 *1 0.57*1 0.8] *4
ation Rubber hardness — — — — — — — —
Transparency just A — A A A A A A
after production
Transparency A — A A A A A A
after moisture
absorption test
Device  Film thickness — — — — — — — 0.5 mm 05mm —
Evalu- There was no color
ation change, and there
did not occur
release etc. in an
interface with the
transparent protective
substrate. A ghost
image did not occur,
and deterioration in
image quality was not
observed either.
(Visibility was
not lowered.)
TABLE 6
Example 37 Example 38 Example 39 Example 40 Example4l Example 42
Resin (A) Acrylate derivative 4750 g 3979 ¢ 39.79¢g 39.79g 39.79¢g 39.79¢g
Composition AA monomer 33.25¢g 28.65¢g 2586 g 31.04¢g 3455¢g 2785 ¢g
HA monomer 1425 ¢ 11.14 g 1393 g 875¢g 524 ¢g 1194 ¢
(B) High-molecular-weight 5.00¢g 3483 g 3483 g 3483g 3483 g 3483 g
crosslinking agent
(B) Low-molecular-weight — — — — — —
crosslinking agent
(C) Acrylate derivative polymer 47.00 g 2488 g 2488 g 2488 g 24.88 g 2488 g
AA monomer 1050 g 1050 g 1050 g 105.0g 1050 g 1050 ¢g
HA monomer 450¢g 450¢g 450¢g 450¢g 450¢g 450¢g
(D) Photopolymerization initiator 0.50 g 050 g 050 g 0.50g 0.50 g 050g
(D) Thermopolymerization initiator 0.05 g — — — — —
P (% by weight) 30 30 30 30 30 30
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TABLE 6-continued
Example 37 Example 38 Example 39 Example 40 Example4l Example 42
M (% by weight) 30 28 35 22 13 30
- 0.0 2.0 -5.0 8.0 16.8 0.0
Resin composition 4)" (20) (21) (22) (23) (€8]
Sheet Film thickness — 0.5 mm 0.5 mm 0.5 mm 0.5 mm 0.15 mm
Evaluation  Impact resistance 0.67 *1 0.67 *1 0.67 *1 0.67 *1 1.07 *1
Rubber hardness — — — — —
Transparency just after production A A B B —
Transparency after moisture A A A B —
absorption test
Device Film thickness 0.5 mm — — — — —
Evaluation Display excellent in

contrast without ghost
image was obtained
(Visibility was improved.).

The invention claimed is:

1. A liquid crystal display comprising a liquid crystal dis-
play cell, polarization plates provided on both sides thereof,
and a transparent resin layer comprising a cured reaction
product of an optical resin composition laminated on one of
the polarization plates,

the optical resin composition comprising

(A) a first acrylate derivative that is a mixture of an alkyl

acrylate having an alkyl group containing 4 to 18 carbon
atoms and a hydroxyl-containing acrylate represented
by the following general formula (I):

CH,—CHCOO(C,,H,,,0),H General Formula (I)

wherein m is 2, 3, or 4, and n is an integer of 1 to 10,

(B) a second acrylate derivative that is a compound having
two or more polymerizable unsaturated bonds in its mol-
ecule, and

(C) an acrylate derivative polymer, wherein:

(B) the second acrylate derivative has a high-molecular-
weight of 4000 or more, and a diol component of the
second acrylate derivative comprise polypropylene gly-
col or polytetramethylene glycol.

2. The liquid crystal display according to claim 1, wherein
the compounding amounts of the respective components in
the optical resin composition based on 100 parts by weight of
(A) the first acrylate derivative, (B) the second acrylate
derivative and (C) the acrylate derivative polymer in total are
(A) 14 10 89.49 parts by weight, (B) 0.1 to 50 parts by weight,
and (C) 10 to 80 parts by weight.

3. The liquid crystal display according to claim 1, wherein
the compounding amounts of the respective components in
the optical resin composition based on 100 parts by weight of
(A) the first acrylate derivative, (B) the second acrylate
derivative and (C) the acrylate derivative polymer in total are
(A) 36 to 84.49 parts by weight, (B) 0.5 to 50 parts by weight
and (C) 15 to 60 parts by weight.

4. The liquid crystal display according to claim 1, wherein
the optical resin composition further comprises (D) a poly-
merization initiator.

5. The liquid crystal display according to claim 4, wherein
the compounding amount of (D) the polymerization initiator
based on 100 parts by weight of (A) the first acrylate deriva-
tive, (B) the second acrylate derivative, (C) the acrylate

20

25

30

35

40

45

50

derivative polymer and (D) the polymerization initiator in
total is 0.01 to 5 parts by weight.

6. The liquid crystal display according to claim 4, wherein
(D1) a photopolymerization initiator is contained as (D) the
polymerization initiator.

7. The liquid crystal display according to claim 6, wherein
the compounding amount of (D1) the photopolymerization
initiator based on 100 parts by weight of (A) the first acrylate
derivative, (B) the second acrylate derivative, (C) the acrylate
derivative polymer and (D1) the photopolymerization initia-
tor in total is 0.1 to 5 parts by weight.

8. The liquid crystal display according to claim 7, wherein
(D1) the photopolymerization initiator is at least one member
selected from the group consisting of an a-hydroxyalkyl phe-
none compound, an acylphosphine oxide compound, oligo(2-
hydroxy-2-methyl-1-(4-(1-methylvinyl)phenyl)propanone),
and a mixture of oxy-phenyl-acetic acid 2-[2-0x0-2-phenyl-
acetoxy-ethoxy|-ethyl ester and oxy-phenyl-acetic acid 2-[2-
hydroxy-ethoxy]-ethyl ester.

9. The liquid crystal display according to claim 1, wherein
(C) the acrylate derivative polymer is a copolymer of the alkyl
acrylate having an alkyl group containing 4 to 18 carbon
atoms and the hydroxyl-containing acrylate represented by
the general formula (I).

10. The liquid crystal display according to claim 9, wherein
aproportion M in percent by mass of the hydroxyl-containing
acrylate represented by the general formula (I) in (A) the first
acrylate derivative, and a proportion P in percent by mass of
the hydroxyl-containing acrylate represented by the general
formula (I) in (C) the acrylate derivative polymer satisfy the
relationship:

-8=(P-M)=8.

11. The liquid crystal display according to claim 1, wherein
(C) the acrylate derivative polymer is a copolymer obtained
by polymerizing an alkyl acrylate having an alkyl group con-
taining 4 to 18 carbon atoms with a hydroxyl-containing
acrylate represented by the following general formula (I):

CH,—CHCOO(C,,H,,,0),H General Formula (I).

12. The liquid crystal display according to claim 1, wherein
(B) the second acrylate derivative is a polyurethane di(meth)
acrylate.



